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Agricultural soil degradation continues to be problematic in the United States and in 
the world.  In order to address the issue of soil conservation in the context of small fruit 
horticulture, conventional and alternative production practices need to be evaluated to assess 
their impact on soil.  Alternative weed management techniques for small fruit crops are 
needed because fewer herbicides are available to growers of these crops, many growers rely 
on weed management strategies that do not rely on herbicides alone, there is an increasing 
demand for non-conventional weed management techniques from growers who produce their 
crops to meet organic certifications, and alternative weed management techniques are also 
needed wherever crops are grown on highly erodible land.  Two experiments, one in 
strawberry production and the other in grape production, were designed to measure the 
effects of two alternative and two conventional weed management strategies on weed 
growth, crop growth and yield, and on specific physical, chemical, and biological properties 
of soil.  Additionally, by studying fruit growers’ interest and awareness of new techniques in 
weed and soil management we can learn how best to effectively communicate new ideas to 
current growers and related audiences in the future.  An on-farm, field trial and grower 
survey designed to monitor the interest and awareness of soil quality among Iowa small fruit 
growers.   
The strawberry experiment compared the effects of four weed management systems 
on weed presence, soil quality properties, and strawberry yield, plant growth and 
development.  Conventional treatments were conventional herbicide and pre-plant methyl 
bromide soil fumigation + conventional herbicide use.  Alternative treatments included 
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killed-cover crop mixture of hairy vetch (Vicia villosa) and cereal rye (Secale cereale) in 
year one (2004) followed by a living mulch of sorghum-sudangrass hybrid (Sorghum bicolor) 
in 2005 and 2006 and straw mulch + compost + corn gluten meal.   All weed management 
systems used in the experiment inhibited weed growth to comparable levels.  The alternative 
weed management practices used in this experiment generally did not improve physical soil 
quality characteristics compared with conventional practices.  The alternative weed 
management practice of adding straw mulch for weed control resulted in an increased 
number of earthworms and cation exchange capacity, which can be considered as 
improvements in soil quality.  The largest effect observed on plant growth was the difference 
in yield between pre-plant fumigated and non-fumigated plots in the first two harvest years 
and the subsequent equilibrium in yield that was reached in the third year.  Reduced 
strawberry yield from plants in the living mulch treatment may be due to resource 
competition with the living mulch.  The alternative weed management practices investigated 
by this research provided adequate weed control and did not reduce soil quality.  However, 
their potentially negative effects on strawberry yield and plant growth indicated that more 
research is needed to develop these techniques before they can be recommended.  Future 
research can investigate more closely variables that we have reported, such as which 
biological properties are the most effective indicators of soil quality and strawberry plant 
performance.   
The second experiment compared the efficacy of two alternative weed management 
strategies with two forms of conventional vineyard weed management.  Mature vineyard 
rows of ‘Marechal Foch’ grape were used in the study.  The experiment was based on a 
randomized complete block design with four weed management treatments and four 
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replications.  Treatments included: 1) living mulch of creeping red fescue (Festuca rubra), 2) 
straw mulch, 3) conventional pre and post-emergent herbicides, or 4) cultivation.  In the 
study, living mulch and straw mulch treatment plots had lower percentage weed cover than, 
or was similar to, herbicide and cultivation plots.  This shows that living or straw mulches 
have the potential to manage weed populations as well as, or better than, herbicides or 
cultivation.  Bulk density was higher in plots treated with herbicides (1.44 g·cm-3) compared 
to plots covered with straw mulch (1.36 g·cm-3) or living mulch (1.33 g·cm-3).  Average yield 
per vine, cluster number per vine, and average cluster weight were similar among treatments 
over all years.  The alternative weed management practices provide excellent weed control 
and have the potential to improve soil quality.  The reduced vigor of the grape plants in the 
living mulch treatment indicated a need for further investigation before living mulches can be 
recommended for commercial practice.   
The on-farm, field trial consisted of cooperating with two strawberry growers to 
establish an on-farm soil quality trial plot to be used to evaluate the perceived usefulness of 
soil quality test kits.  Interest and awareness of soil quality among Iowa small fruit growers 
was monitored by demonstrating the soil quality test kit at field days, presenting information 
about the research trial at regional conferences, and by conducting two mail-in questionnaires 
with the small fruit grower members of the Iowa Fruit and Vegetable Grower’s Association.  
The use of a soil quality test kit at two Iowa fruit and vegetable farms showed that grower 
attitudes toward the usefulness of the kit can be enhanced by having growers use the kit in 
their fields and by seeing its effectiveness for themselves.  Over the course of two years, the 
kits were used to monitor changes in soil quality indicators at grower farms based on 
differences in crop management and time of year.  Cooperating strawberry growers felt that 
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the information provided by the soil quality test kit was useful, but they were uncomfortable 
taking and interpreting the measurements themselves, suggesting that the kit would be used 
more effectively by persons with more expertise in the area of soil quality, such as extension 
personnel or qualified crop consultants.  A questionnaire mailed to Iowa small fruit growers 
in 2005 and 2006 monitored growers’ responses to questions about awareness of the soil 
quality test kit and soil quality concepts.  Interest in using a field test kit to monitor soil 

























  The dissertation is composed of five chapters that include a general introduction, the 
description of three experiments, and general conclusions.  Chapter one consists of a general 
introduction and literature review that encompasses all three experiments.  Each of the 
experiments is discussed separately in chapters two, three, and four.  A general conclusion of 





 The research for this dissertation was based on the problem of soil degradation in 
strawberry and grape production.  Merwin and Pritts (1993) and Pool et al. (1995) have noted 
that traditional methods of weed management, based largely on herbicide applications and 
cultivation, increase erosion and reduce the ability of these soils to produce fruit over the 
long term.  To address this issue experiments were designed to observe the effects of 
conventional and alternative weed management strategies on soil quality.     
In addition to weed management and soil quality the research addressed the issue of 
knowledge transfer from research program to farm field.  In an ancillary experiment, soil 
quality test kits developed by the USDA-ARS and Natural Resources Conservation Service 
(NRCS) were used by two Iowa strawberry growers to take measurements in their fields. 
Strawberry 
The overall objective was to examine the influence of four weed management 
systems in strawberry production on the physical, chemical, and biological indicators of soil 
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quality.  The results of the experiment were meant to provide strawberry growers with 
improved tools with which they can maintain, improve, and assess the quality of their soils.  
By improving growers’ ability to assess soil quality they will be able to maintain a soil’s 
production capabilities at an optimum level, while conserving the soil for future generations 
of growers.  This can be accomplished if fruit growers are able to detect soil degradation 
more quickly, allowing them to stop or prevent soil degradation before it becomes an 
expensive problem.  The study of soil microorganisms represents an untapped resource for 
greatly improving soil quality monitoring.  By measuring the effects of conventional and 
alternative strawberry weed management systems on the physical, chemical, and biological 
properties of soil, we were able to better understand the relationships between soil properties, 
soil quality, and weed and disease pressure in strawberry fields.   
The experiment investigated four different weed management strategies in a newly 
established and subsequent bearing strawberry planting and observed their effect on soil 
quality.  The effect of each weed management system on weed growth and development and 
strawberry plant growth and yield was also an important part of the study since these factors 
provide the growers’ livelihood.   
Grape 
Soil quality assessment in vineyard rows is an area of vineyard management that has 
received marginal attention in the U.S. and the world.  Stamatiadis et al. (1996) compared 
cultivation methods in Greek vineyards and related these to soil quality.  The research project 
addressed the issue of soil quality in vineyard rows by measuring physical, chemical, and 
biological soil properties.  
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In addition to benefiting grape growers by increasing weed management options and 
by improving soil quality assessment, this project was beneficial to the newly emerging grape 
and wine industry of Iowa.  Increased awareness by grape growers about the condition of 
their soil can aid in sustainable vineyard management decisions and can lead to economic 
benefits that include reduced costs for inputs of herbicides and fertilizers and long-term soil 
productivity.  Grape growers and extension educators learned new information discovered 
from this research project through university-sponsored field days, statewide grape grower 
conferences, and research reports and articles that clearly explained the feasibility of the 
proposed sustainable viticulture practices to maintain and improve soil quality. 
Soil quality test kit 
 
Agricultural soil degradation continues to be problematic in the United States and in 
the world.  A large body of rigorous scientific research shows that improved soil assessment 
strategies can be used to reduce the impact of agriculture on soil quality (Karlen et al., 
2003b).  Yet, in many cases, agricultural practices at the farm level do not reflect this new 
knowledge.  The research project bridged the information gap between researcher and farmer 
by directly involving Iowa fruit growers in the application and testing of recent advances in 
soil quality research.  Two strawberry growers participated in the research by collecting soil 
samples from their fields using an on-farm soil quality test kit developed by the USDA-
ARS/NRCS.   
 In the short-term, strawberry growers benefited from this project by increasing their 
knowledge and awareness of soil quality as well as their confidence in using a soil quality 
test kit.  By learning how to conduct soil quality tests growers were able to make more 
informed decisions about land management practices  
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This research project was distinctive in that soil quality of strawberry and grape 
production systems was measured using biological indicators in addition to other soil 
properties and Iowa fruit growers were included in the evaluation of a new soil assessment 
procedure.  This research also contributed to the development of useful alternative weed 
management strategies, an important concern due to the lack of herbicides available for small 
fruit production.  Although strawberry and grape production was used as the experimental 




Weed management systems that are based on herbicide applications or tillage tend to 
reduce soil quality over time (Merwin et al., 1994).  Research has shown that physical, 
chemical, and biological properties of soil are negatively affected by chemical-based 
approaches to weed management in perennial fruit agroecosystems (Wardle et al., 2001).  
The lack of ground cover that is the hallmark of the herbicide-based system usually has little 
organic matter input and can lead to soil erosion and a loss of soil structure, texture, cation 
exchange capacity (CEC), initial water infiltration, water-holding capacity, and may 
negatively affect microbial activity in the soil.  As soils are degraded due to these 
management practices the inherent productive capacity of the soil declines.  In the short-
term, some of the effects of degradation can be compensated for by applying external inputs 
such as synthetic fertilizers.  However, over the long-term, soil quality will continue to 
decline and eventually the cost of inputs will outweigh the value of the crop being produced.  
If farmers could monitor the state of their soil’s quality more conveniently, they would be 
able to make timely adjustments to their cropping management.   
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Recent soil quality research indicates that microbial activity may be at the foundation 
of sustainable soil management (Doran and Parkin, 1996; Karlen et al., 1997).  The soil 
under the growing crop contains a complex and dynamic mixture of minerals, plant roots, 
detritus, microorganisms, and other organisms that provide and maintain the many life 
sustaining functions that occur in soil (Paul and Clark, 1996).  The nitrogen, carbon, and 
hydrological cycles all have important steps that take place in the soil.  Herbicide-based weed 
management systems deplete the soil ecosystem of carbon and nitrogen resources necessary 
for sustained soil quality.  Research has shown that by keeping the ground covered with 
living plants or organic material, soil quality can be improved and be maintained (Merwin et 
al., 1994).   
Strawberry culture 
Few herbicides are registered for weed management in matted-row strawberry 
culture.  This is especially important for weed control in the establishment year.  The absence 
of such herbicides has produced much interest and research in alternative weed control 
strategies (Black et al., 2002; Dilley et al., 2002; Hancock et al., 1997; Merwin et al., 1994; 
Morse, 2001; Nonnecke and Christians, 1993, 2001; Pritts and Eames-Sheavly, 1988; Pritts 
and Kelley, 1997, 2001; Smeda and Putnam, 1988).   Promising ideas resulting from this 
research include the use of various types of cover crops, natural weed control products, living 
and killed mulches, and strategies that combine these and other methods.  It is possible that 
with the refinement of current alternative weed management strategies, the impact of weeds 
in strawberry fields can be controlled to economically viable levels similar to herbicide use 





Control of weeds in the vineyard row (under the trellis) is a critical aspect of grape 
production and is typically accomplished by herbicide application, cultivation, mulching, or 
combinations of these methods.  Herbicide use has proven to be the most economical weed 
management strategy in vineyards (Elmore et al., 1997; Pool et al., 1990; Stevenson et al., 
1986) and orchards (Haynes, 1980; Merwin et al., 1995), however, the effects of herbicide 
use and other weed management techniques on soil quality and the long-term sustainability 
of the soil is unclear.  Pool et al. (1995) noted that due to erosion hazards associated with 
herbicide and cultivation-based weed management, some type of ground cover in the row is 
needed in vineyards.  Merwin et al. (1994) noted that interest in alternatives to herbicide-
based weed management has been stimulated by public concern about potential agrichemical 
contamination of surface and groundwater supplies.  Also, conventional cultivation used as a 
method of weed control in vineyards and orchards has been widely viewed as a cause of soil 
degradation (Haynes, 1980; Merwin et al., 1994; Pool et al., 1990).  Coinciding with 
concerns about water and soil quality has been the expansion of markets for high value 
organically certified fruit and processed fruit products (White, 1995).  Grape growers 
interested in the organic market for their products are especially interested in alternative 
weed management systems for grapes, since additional production costs that may be incurred 
in organic systems (e.g., straw mulch) can be offset by a higher market value for organic 
grapes and reduced herbicide inputs.  Furthermore, Merwin and Pritts (1993) mention that 
due to the prevalence of re-plant disease and the eventual phase-out of soil fumigants such as 
methyl bromide, favorable perennial fruit production sites will be limited in the future.  
These concerns have led to increased interest in sustainable fruit production techniques and 
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have also resulted in a re-evaluation of soil quality as affected by both conventional and 
alternative weed management systems. 
We examined the effects that two conventional and two alternative weed control 
strategies had on soil quality by comparing responses to the management strategies.  This 
information was useful for grape growers because it resulted in important feedback about the 
effects their production practices have on soil.  If soil degradation was indicated by the soil 
quality characteristics, then appropriate actions could be taken to improve the soil condition.  
For example, organic matter in the soil may be low and is leading to reduced fertility and 
erosion. To increase the organic matter content of the soil, the grower can then choose among 
various options.  Glover et al. (2000) conducted similar research with apple production in 
Washington, USA, but we are not aware of such research in vineyard cropping systems.   
Soil quality 
 
It is hard to overestimate the importance of soil for the survival of human life on earth 
as we know it (Mausbach and Seybold, 1998).  Without the decomposer microorganisms that 
are found in soils, nutrients that are needed by plants and animals for growth would be 
largely unavailable.  Human society depends on soil to clean both air and water by filtering 
out toxins and other pollutants (Brady and Weil, 2002).  Farmers depend on the nutrient 
cycling capabilities, water-holding capacity, and stability of soils to grow food and society 
will need to have good quality soil available indefinitely.  However, soil is a natural resource 
that must be managed like a nonrenewable natural resource.  In the United States, we have 
national clean air and clean water standards, but such standards have not been established for 
soil quality and it has also been argued that clean water and clean air cannot be maintained 
without high quality soil as well (Karlen and Stott, 1994).  
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Soil quality and soil health are terms that have received increased discussion since the 
early 1990’s (Karlen et al., 2003a).  Many soil scientists have developed definitions for these 
terms and after more than a decade of debate there seems to be agreement by a majority of 
soil scientists that a combination of previous definitions is adequate:  
“The capacity of a specific kind of soil to function, within natural or managed 
ecosystem boundaries to sustain plant and animal productivity, maintain or enhance 
water and air quality, and support human health and habitation” (Karlen et al., 1997).  
It should be noted that the terms ‘soil quality’ and ‘soil health’ are used interchangeably by 
some people and not by others (Lal, 1998).  Many scientists prefer the term ‘soil quality’ 
because it seems less subjective than ‘soil health’, which tends to be favored more by non-
scientists (Romig et al., 1995). Agreement on the definitions of soil quality and soil health 
may never be reached, but the debate has focused attention on the immense value of soil.  
The definition above represents a departure from past definitions of soil quality that tended to 
focus solely on the ability of a soil to produce a crop.   
Currently, agricultural land in the United States suffers from unsustainable levels of 
wind and water erosion and pesticide and nutrient contamination of water resources is 
becoming a major public concern (Glover, 2000; Merwin et al., 1994).  Until recently, the 
external costs of soil erosion and water pollution have been unaccounted for in costs of 
production, but once they are figured in, modern agriculture becomes not only 
environmentally unsustainable, but economically unsustainable as well (Merwin and Pritts, 
1993).   
Long-term agricultural production and profitability are directly related to the quality 
of a soil (Lal, 1998).   According to the research of Lowdermilk (1953) in the 1930’s, 
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Egyptian, Babylonian, Aztec, and many other of the world’s great civilizations crumbled 
because of their unsustainable farming practices.  Soil was taken for granted by these 
civilizations until it was severely degraded.  Lowdermilk warned that the U.S. and other 
countries are making the same mistakes, and that if we do not change our approach to soil 
management, the results may be the same for our civilization as well. 
 The fertility, stability, and productivity of a soil depend upon its physical, chemical, 
and biological properties.  Today, however, most standard soil testing does not include 
biological measurements in analyses.  This is because physical and chemical analyses of field 
soil have met the needs of growers for monitoring nutrient status for crop production in the 
past (Dahnke and Olson, 1990).  These analyses can be improved, however, by measuring 
biological properties in addition to physical and chemical properties.  Biological indicators 
such as microorganisms in soil are very sensitive to perturbations of their environment, so 
changes in their measured characteristics can be used as an early indicator of improving or 
declining soil quality (Kennedy and Papendick, 1995; Turco et al., 1994).  For example, 
measuring a biological property such as microbial biomass carbon, which is an important 
factor in soil nutrient cycling, can be an excellent predictor of future soil performance 
because microbial biomass carbon has a turnover time that is less than one year (Fauci and 
Dick, 1994; Paul, 1984; Powlson et al., 1987; Rice et al., 1996; Sparling, 1992; Swezey et al., 
1998).  Several years of monitoring may be required before changes in physical or chemical 
properties of soil indicate a worsening or improving soil condition.   
To manage the soil resource efficiently farmers need to be able to monitor its quality 
in a timely manner (Seybold et al., 2002).  Proper monitoring of soil quality will ensure that 
it can be maintained at optimum levels or adjusted if a downward trend in soil quality is 
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observed (Mausbach and Seybold, 1998).  Soil quality standards will necessarily be different 
for different soil types, climates, and conditions.  Therefore, each fruit grower will need to 
assess the quality of their soil based on their individual soil environment.  Not all soils are the 
same; soil characteristics are based on their parent material and their environment as well as 
being based on how they react to their treatment, i.e., tillage and cropping systems.  
However, a standardized set of measurement tools can be developed that can be used by all 
fruit growers. 
Soil quality test kit 
 
In order to bring the soil quality concept to a wider audience, the USDA-ARS 
developed the Soil Quality Test Kit (USDA, 1999) and evaluation worksheets (See 
Appendix) to be used as an assessment tool for managing land in a sustainable way while 
maintaining profitability (Andrews et al., 2002; Ditzler and Tugel, 2002; Sarrantonio et al., 
1996; Wander et al., 2002).  The kit was designed to be used by USDA personnel and 
landowners and incorporates physical, chemical, and biological indicators of soil quality in 
the soil quality analysis.  Research has shown that the soil quality test kits are a good tool for 
on-farm assessment of surface soil properties and correlate well with standard laboratory 
procedures (Evanylo and McGuinn, 2000; Seybold et al., 2002). 
Iowa fruit growers’ farm fields served as conventional control plots.  Soil quality 
measurements taken at grower fields were compared to soil samples collected from the same 
sites over time.  Changes observed in soil quality between the two analyses will instill grower 
confidence in the soil quality test kit and will lead to increased awareness of soil quality 
among growers.  The importance of a holistic approach to soil analysis was emphasized by 
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CHAPTER 2.  EFFECT OF CONVENTIONAL AND ALTERNATIVE WEED    




A paper to be submitted to the Journal of the American Society for Horticultural Science 
 




Sustainable strawberry production depends on effective weed and soil management.  
Alternative weed management strategies are needed because few herbicides are registered for 
use in matted-row strawberry culture.  Additionally, soil analyses are often measured in 
terms of chemical and physical properties alone and these analyses can be enhanced by 
measuring biological indicators of soil quality that are sensitive to changes in the 
environment.  The experiment compared the effects of four weed management systems on 
weed presence, soil quality properties, and strawberry yield, growth and development.  
Conventional treatments were conventional herbicide and pre-plant methyl bromide soil 
fumigation followed by conventional herbicide use.  Alternative treatments included killed-
cover crop mixture of hairy vetch (Vicia villosa) and cereal rye (Secale cereale) in year one 
(2004) followed by a living mulch of sorghum-sudangrass hybrid (Sorghum bicolor) in 2005 
and 2006 and straw mulch + compost + corn gluten meal.  Results indicated that effective 
alternatives to conventional weed management practices are available.  All weed 
management systems used in the experiment inhibited weed growth to comparable levels.  
The alternative weed management practices used in this experiment did not improve physical 
soil quality characteristics compared with conventional practices.  The alternative weed 
management practice of adding straw mulch for weed control resulted in an increased 
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number of earthworms and cation exchange capacity, which can be considered as 
improvements in soil quality. Conventional practices in strawberry production are not as 
detrimental to soil quality overall due to the addition to the soil of large amounts of organic 
matter each year in the form of straw that is used for overwintering.  The largest effect 
observed on plant growth was the difference in yield between pre-fumigated and non-
fumigated plots in the first two harvest years and the subsequent equilibrium in yield that was 
reached in the third year.  Reduced strawberry yield from plants in the living mulch treatment 
may be due to resource competition with the living mulch.  Strawberry plant growth was 
inhibited by the alternative weed management strategies, but foliar nutrient levels were not 
different among treatments.  In terms of petiole and strawberry plant number, and strawberry 
crown number and weight, the alternative management treatments reduced strawberry plant 
growth compared to the herbicide and fumigation + herbicide treatments.  In general, the 
alternative weed management practices investigated by this research, straw mulch or living 
mulch, provide adequate weed control and do not reduce soil quality.  However, their 
negative effects on strawberry yield and plant growth indicate that more research is needed to 
develop these techniques before they can be recommended.  Future research can investigate 
more closely variables that we have reported, such as which biological properties are the 




By improving growers’ ability to assess soil quality they will be able to maintain the 
soil’s production capabilities at the optimum level, while conserving the soil for future 
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generations of growers.  This can be accomplished if fruit growers are able to detect soil 
degradation more quickly, allowing them to stop or prevent soil degradation before it 
becomes a problem.  By measuring the effects of conventional and alternative strawberry 
weed management systems on the physical, chemical, and biological properties of soil, we 
were able to investigate the relationships between soil properties, soil quality, and weed 
pressure in Junebearing strawberry fields.   
The experiment investigated four weed management strategies in a newly established 
and subsequent Junebearing, matted-row strawberry planting and observed their effect on 
physical, chemical, and biological properties of soil.  The effect of each weed management 
system on weed growth and development and strawberry plant growth and yield was also an 
important part of the study since these factors provide the growers’ livelihood.  The 
treatments included 1) herbicide, 2) pre-plant fumigation + herbicide, 3) living mulch, and 4) 
straw mulch.   
The four treatments were chosen based on the need to model the soil quality/weed 
management experiment on both actual strawberry production practices as well as on 
alternatives to common production practices.  In order to examine soil management strategies 
that would be applicable to most strawberry growers, standard production practices were 
used in the experiment (Pritts and Handley, 1998).   
Management of weeds with herbicides is the most common technique used by 
growers, so it was a particularly useful experimental treatment in terms of applying what was 
learned in the experiment to on-farm practices.  All herbicide treatments were applied based 
on recommendations in the Midwest commercial small fruit and grape spray guide (Gleason 
et al., 2004).  Soil fumigation with methyl bromide has been a standard practice in many 
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parts of the United States for many years (Duniway, 2002) and more information is needed to 
better understand the impact of soil fumigation on physical, chemical, and biological 
properties of soils.  The hairy vetch and rye cover crop treatment that was killed with a knife 
roller is an example of a weed management technique that has shown promise in other areas 
of the United States and has the potential to reduce the use of herbicides while also 
improving soil structure and fertility (Sullivan, 2003).  The combination of a first-year straw 
mulch and corn gluten meal (CGM) for weed control and composted manure to improve soil 
structure and fertility could be another effective natural product weed management system.  
CGM has shown promise as a natural pre-emergence weed control product and provides 10 
% nitrogen by weight (Nonnecke and Christians, 2001).   
The overall objective of this research was to examine the influence of four weed 
management systems in strawberry production on weed control, the physical, chemical, and 
biological indicators of soil quality, and strawberry plant growth and development.  The 
results of the experiment were meant to provide strawberry growers with information about 
weed management systems and improved tools with which they can assess the quality of 
their soils.   
 
 
Materials and Methods 
 
 
The experiment consisted of four weed management treatments in a randomized 
complete block design with four replications.  Treatment one followed conventional 
strawberry pesticide and fertility management that included recommended herbicide and 
fertilizer applications.  Treatment two consisted of a pre-plant soil fumigation (TERR-O-
  
21
GAS® 98, methyl bromide 98 %, chloropicrin 2 %) on 15 May 2004 and followed the same 
herbicide and fertilizer regime as treatment one.   
Treatment three consisted of a cover crop mixture of hairy vetch (Vicia villosa Roth) 
and cereal rye (Secale cereale L.) seeded on 18 Sept. 2003 at the rate of 44.8 kg·ha-1 and 33.6 
kg·ha-1 respectively.  Cover crops were killed with a knife roller and glyphosate application 
(1.1 kg ·ha-1) on 28 April 2004.  On 14 Sept. 2004, a cover crop mixture of cereal rye was 
sown between strawberry rows.  On 24 April 2005, cover crop was killed by crushing with a 
45 cm wide, hand-pulled, carpet roller for use as mulch.  Due to the need for late summer 
weed control between the strawberry rows, in July of 2005 and 2006, after fruit harvest and 
renovation, sorghum-sudangrass hybrid (Sorghum bicolor (L.) Moench ×Sorghum Sudanese 
(P.) Stapf. ‘Greentreat IV’) was seeded at the rate of 152 kg·ha-1 between strawberry rows to 
serve as a living mulch.  When the living mulch reached a height of 76 cm, it was cut to a 
height of 12 cm and allowed to re-grow. Cutting of the living mulch was repeated until frost.   
Treatment four consisted of the application of composted, finished hog manure (10 
%) and corn gluten meal (90 %) to obtain the equivalent of 56 kg N·ha-1 at planting, floral 
initiation in 2004-2006, and at renovation in 2005-2006.  Straw was applied between 
strawberry rows to a shallow depth of 5 cm after planting on 3 June 2004.  When runner 
formation began in July, straw was repositioned 15 cm away from the plants on each side of 
the row to provide a soil surface amenable to runner establishment.  After renovation in July 
2005 and 2006, straw was applied as a mulch between rows to a depth of 5 cm.   
The experiment was conducted at the Iowa State University Horticulture Research 
Station near Ames, IA (42° 06’ 25.13” N – 93° 35’ 13.83” W).  The site had matted-row 
‘Honeoye’ strawberry production from 1998 - 2002.  The soil type was Clarion loam; a fine-
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loamy, mixed, superactive, mesic Typic Hapludolls, in a Clarion-Webster-Nicollet 
association.  In Sept. 2003, the site was fallow plowed and cover crop treatments were 
established.   
The experimental plots were 9.1 m x 9.1 m and were separated from the other 
treatment plots by alleyways of common Kentucky bluegrass (Poa pratensis L.), seeded  on 
18 Sept. 2003, that were 3.1 m wide on the north and south sides and 6.2 m wide on the east 
and west sides of each plot.  Treatment plots contained seven rows of strawberries spaced 1.1 
m apart, center-to-center.  The two outside rows served as guard rows.  Dormant crowns of 
‘Jewel’ Junebearing strawberries were planted on 2 June 2004 at a spacing of 45 cm between 
plants in the row.  Plants were grown and maintained in matted-row production as described 
by Pritts and Handley (1998).  Overhead irrigation was used to provide the equivalent of 2.5 
cm per week.  Insects and diseases were controlled as recommended in the Iowa Commercial 
Small Fruit and Grape Spray Guide (Gleason et al., 2004).  Oat straw was applied manually 
over strawberry rows at the rate of 9.6 t·ha-1 on 25-30 Nov. 2004-2006 to prevent cold injury.  
When growth resumed in the spring, the straw was repositioned to serve as mulch in and 
between rows.  Renovation of the matted-row was performed on all treatments on 7 July 
2005 and 11 July 2006 and included mowing of leaves and narrowing of plant row width to 
0.31 m.  
In spring 2004, herbicide treatment plots received a pre-plant application of 
preemergence herbicide DCPA (75 %, 8.4 kg·ha-1).  DCPA application was repeated on 21 
July 2004 after hoeing.   In 2005 and 2006, Formula 40 (2, 4-D triisopropanolamine salt plus 
2,4-D dimethylamine salt) was applied at the rate of 2.3 L·ha-1 at renovation to the living 
mulch, herbicide, and fumigation + herbicide treatments.  Urea was applied to obtain the 
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equivalent of 56 kg N·ha-1 at planting, and floral initiation in 2004-2006 and at renovation in 
2005 and 2006 in the living mulch, herbicide, and fumigation + herbicide treatments.   
The straw mulch treatment received an equivalent rate of nitrogen in the form of composted, 
finished hog manure, and corn gluten meal.  After monthly weed data collection that included 
removal of weeds in the plots, perennial weeds received wick application of glyphosate at the 
rate of 0.18 kg a.i./L as needed in all years in the living mulch, herbicide, and fumigation + 
herbicide treatments. 
Weed data were obtained once per month during the growing season in 2004-2006.  
Weed data were determined by species, number, shoot biomass, and percentage weed cover 
in the same, three randomly placed 0.25 m2 quadrats per row per plot.  Percentage matted-
row fill was determined in spring 2005 by visually assessing the amount of visible strawberry 
biomass in all treatment rows.  Leaf nutrient analysis was determined by collecting fifty 
newly expanded leaves at random among all treatment rows in Aug. 2004-2006.  Leaves 
were analyzed by A & L Great Lakes Laboratories, Inc., Fort Wayne, Ind.  In Oct. 2005 and 
2006, strawberry plant shoot and root dry weight, leaf area, petiole, and crown number and 
weight were determined by collecting all plant material contained within three randomly 
placed 0.093 m2 quadrats.  Average of the three quadrat subsamples were used to obtain 
means for data analysis.  In 2005, total and marketable strawberry yield, berry number, and 
average berry weight were obtained from the total yield of all treatment rows.  In 2006 and 
2007, yield data were obtained by harvesting berries from one, 1.5 linear m section of row 
from five treatment rows.  Total strawberry yield was calculated at kg·0.31 m-1 linear row to 
account for changes in yield harvest technique between 2005 and 2006-2007 seasons.   
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Soil samples were collected from all plots at the depth of 0-15.2 cm in 15-20 Sept. 
2003, prior to treatment establishment.  Five soil cores (1.9 cm diam.) were taken on a NW to 
SW transect in each plot and combined to make one sample.  All soil samples in subsequent 
years were taken at the depth of 0-7.6 cm (Dick et al., 1996; Glover et al., 2000) with a core 
diameter of 3.1 cm.  The number of soil samples taken per plot was increased from 12 cores 
in 2004 to 14 cores in 2005 and 2006 to account for soil analysis needs.  Composite soil 
samples were taken for physical, chemical, and biological properties within the strawberry 
row in each treatment plot from fall 2004-2006 and soil analyses were performed with these 
samples.  
Physical soil properties measured include volumetric water content, soil bulk density, 
total porosity, air-filled porosity, water-filled pore space, gravimetric moisture, percentage of 
stable aggregates, and flooded/ponded initial infiltration.  Volumetric water content, bulk 
density, total porosity, air-filled porosity, water-filled pore space, and gravimetric moisture 
were calculated from weight, volume, and moisture content of soil cores obtained for soil 
testing procedures (Arshad et al., 1996; Lowery et al., 1996; USDA, 1999).  Percentage of 
stable aggregates was measured following Patton et al. (2001).  Flooded/ponded initial 
infiltration was determined as described by Lowery et al. (1996) and USDA (1999).  In this 
procedure a 15.24 cm diam. tube is pounded 7.62 cm into the soil, 444 mL of water is slowly 
released inside the tube, and the amount of time required for the water to enter the soil is 
recorded.  
Chemical soil properties measured include organic matter, total organic carbon and 
nitrogen, pH, calculated cation exchange capacity (CEC), electrical conductivity (EC), 
mineral nitrogen (NH4 and NO3), Bray-1 phosphorus, potassium, and exchangeable calcium, 
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magnesium, and sodium.  Chemical soil properties were taken from 8 mm sieved soil and 
chemical analyses were performed by the Soil and Plant Analysis Laboratory, G501 
Agronomy Hall, Iowa State University, Ames, Iowa 50011-1010 following Brown (1997) 
and Westerman et al. (1990).   Biological properties of soil measured include microbial 
biomass carbon and earthworm number.  Microbial biomass carbon was measured using the 
fumigation extraction method modified from Vance et al. (1987) and Rice et al. (1996).  
Earthworm number was obtained following a modified procedure of Blair et al. (1996) by 
extracting and sorting through three, 0.003 m3 soil cores per treatment plot, collected at 
random locations along a strawberry row, 15 cm perpendicular from center of strawberry 
row. 
 Data were subjected to analysis of variance (ANOVA) and means were separated 
using Fisher’s Protected LSD test at the P < 0.05 significance level.  When ANOVA revealed 
no significant year by treatment interaction, data were pooled over years.  Data from 
individual years are presented in Appendix Tables 1a-4. 
 
Results  
Measurements of Weed Presence 
 There were no year by treatment interactions, therefore weed data for all years was 
combined.  In May 2005 and 2006, percentage weed coverage was not different among 
treatment plots (Table 1).  In Aug. 2004-2006 percentage weed coverage was similar 
between the straw mulch and living mulch treatment plots (5.9 % and 4.7 %, respectively), 
living mulch and herbicide (1.6 %), and between the herbicide and fumigation + herbicide (1 
%) treatments.  There were no differences in weed shoot dry weight for dicot weeds in May 
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or monocot weeds in May and Aug. over all years.  In Aug., dicot weed shoot dry weight was 
similar between the straw mulch living mulch treatments (3.1 and 1.4 g, respectively) and 
there were no differences among the herbicide (0.6 g), fumigation + herbicide (0.04 g), and 
living mulch plots.  Monocot weed number was greatest in the straw mulch treatment in Aug.  
Dicot and monocot weed number in Aug. were similar in all other treatments.  In May, total 
weed shoot biomass dry weight was similar between the living mulch and herbicide 
treatments (13.4 and 7 g, respectively), and herbicide, fumigation + herbicide, and straw 
mulch treatment plots were similar.  In Aug., total weed shoot biomass was similar between 
straw mulch and living mulch (4.2 and 2.6 g, respectively), was similar between living mulch 
and herbicide (1.2 g), and between herbicide and fumigation + herbicide (0.3 g) treatments. 
Physical and Biological Soil Quality Indicators 
 There were no differences among treatments for the physical soil quality indicators of 
volumetric water content, bulk density, total porosity, air-filled porosity, water-filled pore 
space, gravimetric moisture, or percentage of stable soil aggregates (Table 2a).  In 2004, 
initial infiltration time was similar between fumigation + herbicide and straw mulch 
treatments (27.0 and 24.2 min., respectively), straw mulch and herbicide (19.4 min.), and was 
smallest in the living mulch treatment (7.7 min.) (Table 2b).  There were no differences in 
initial infiltration time in 2005.  In 2006, initial infiltration was slowest in the straw mulch 
treatment (15 min.) and was similar among all other treatments.  More earthworms were 
found in the straw mulch treatment than the other weed management treatments (Table 3).  
Microbial biomass carbon was similar among all treatments in both 2004 and 2006 (There 





Chemical Soil Quality Indicators 
 Initial soil sampling in Sept. 2003, conducted prior to the establishment of treatments, 
revealed no differences in chemical soil quality indicators of organic matter, total organic 
carbon, total organic nitrogen, pH, cation exchange capacity (CEC), NO3-N, NH4-N, 
potassium, phosphorus, and exchangeable calcium, magnesium, or sodium (Table 4a).  In 
2004, electrical conductivity (EC), NO3-N, NH4-N, and potassium were similar between 
herbicide and fumigation + herbicide and between living mulch and straw mulch (Table 4b).     
In 2005, EC was similar among living mulch, straw mulch, and herbicide (Table 4c).  
Nitrate-nitrogen and potassium were highest in the straw mulch plots.  In 2006, EC and 
potassium content were highest in the straw mulch (Table 4d).  For the years 2004-2006, 
NH4-N was similar between the fumigation + herbicide and herbicide plots (3.7 and 3.4 mg· 
kg-1, respectively) and was similar among living mulch, straw mulch, and herbicide treatment 
plots (Table 4e).  Potassium was highest in soil from the straw mulch treatment, followed by 
the living mulch treatment and was similar between the herbicide and fumigation + herbicide 
treatment plots.  Calcium content was similar in soil from the living mulch and straw mulch 
treatments and was similar among the herbicide, fumigation + herbicide, and straw mulch 
treatments.   
Strawberry Foliar Tissue Analysis 
 For the years 2004-2006, there were no differences in foliar nutrient content among 
the treatments for phosphorus, potassium, calcium, magnesium, zinc, copper, or boron (Table 
5a).  There was a year by treatment interaction with nitrogen, nitrate, sulfur, manganese, iron, 
and aluminum content, therefore these data are presented in a separate tables (Tables 5b-5d).  
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In 2004, nitrogen content was similar in leaves from plants grown in the straw mulch, 
herbicide, and fumigation + herbicide plots and was similar between living mulch and 
fumigation + herbicide treatment plots.  Iron and aluminum content were highest in the 
herbicide and fumigation + herbicide treatments and were lowest in the living and straw 
mulch treatments.  Sulfur content was similar in plant leaves grown in the herbicide, straw 
mulch, and fumigation + herbicide treatments (0.17 %, 0.17 %, and 0.16 %, respectively) and 
was similar between living mulch (0.15 %) and fumigation + herbicide treatment plots.  
Manganese was highest in leaves from plants grown in the fumigation + herbicide and 
herbicide treatment plots and was similar among the living mulch, straw mulch, and 
herbicide treatment plots. 
In 2005, iron and aluminum were highest in leaves from plants grown with living 
mulch and herbicide treatments, followed by the fumigation + herbicide treatment and the 
straw mulch was the lowest (Table 5c).  Manganese was similar in plant leaves grown with 
the living mulch and fumigation + herbicide treatment plots (48.8 and 37.3 mg· kg-1, 
respectively) and was similar among herbicide, straw mulch, and fumigation + herbicide 
treatments.   
In 2006, iron and aluminum contents were lowest in the plant leaves grown with the 
straw mulch treatment and were similar among all other treatments (Table 5d).  Nitrogen 
content was highest in the leaves from plants grown with the living mulch, herbicide, and 
fumigation + herbicide treatments and was similar between the straw mulch and fumigation + 
herbicide treatments.  Nitrate content was highest in the leaves from plants grown with the 
living mulch treatment and was similar among all other treatments.  Sulfur content was 
lowest in plant leaves grown with the straw mulch treatment and was similar among all other 
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treatments.  Manganese content was similar in plant leaves grown with the living mulch and 
fumigation + herbicide treatments, was similar between the herbicide and fumigation + 
herbicide treatments, and was lowest in the herbicide and straw mulch treatment plots. 
Strawberry Yield and Quality Measurements 
 Strawberry yield in 2005 was highest from plants grown in the fumigation + herbicide 
treatment, followed by plants in the herbicide and straw mulch treatments, and was similar 
between plants grown in the living mulch and straw mulch treatments (Table 6a).  Leaf area 
and weight were lowest in plants from the living mulch treatment and were similar in all 
other treatments.  Strawberry root weight was similar between plants in the herbicide and 
straw mulch treatments, was similar between the fumigation + herbicide and straw mulch 
treatments, and was similar between the living mulch and fumigation + herbicide treatments. 
  In 2006, strawberry yield and berry number were highest from plants grown in the 
fumigation + herbicide treatment, were similar between the herbicide and straw mulch 
treatments, and were lowest in the living mulch treatment (Table 6b).  Root weight was 
greatest on plants from the herbicide and fumigation + herbicide treatments and was lowest 
in the straw and living mulch treatments.  There were no differences between the treatments 
for berry weight, leaf area, or leaf weight.  In 2007, there were no differences between 
strawberry yield, berry number, or berry weight (Table 6c). 
From strawberry plant data combined from 2005 and 2006, strawberry plant number 
and crown number were similar between the herbicide and fumigation + herbicide 
treatments, between the straw mulch and fumigation + herbicide treatments, and between the 
living mulch and straw mulch treatments (Table 7).  Petiole number was highest in the 
herbicide and fumigation + herbicide treatment plots and was lowest in the living and straw 
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mulch plots.  Strawberry crown weight was similar between the herbicide and fumigation + 
herbicide treatment plots, between the herbicide and straw mulch plots, and between the 




The results of this research show, as suggested by Pritts and Kelly (1997) and others, 
(Black et al., 2002; Dilley et al., 2002; Hancock et al., 1997; Merwin et al., 1994; Morse, 
2001; Nonnecke and Christians, 1993, 2001; Pritts and Eames-Sheavly, 1988; Pritts and 
Kelley, 1997, 2001; Smeda and Putnam, 1988), that effective alternatives to conventional 
weed management practices (e.g., herbicide and pre-plant soil fumigation + herbicides) are 
available.  All weed management systems used in the experiment inhibited weed growth to 
acceptable levels (Pritts and Kelly, 1997).  However, since weed inhibition is only one factor 
in a crop production system, other effects of the alternative weed management techniques 
need to be assessed before these techniques can be recommended for use. 
Soil Quality 
Although some alternative weed management practices improve physical soil quality 
factors such as volumetric water content, bulk density, total porosity, water-filled pore space, 
initial infiltration rate, and percentage of stable aggregates (Haynes, 1980; Merwin et al., 
1994; Pool et al., 1990), the alternative weed management practices used in this experiment 
generally did not improve these factors compared to conventional practices.  An exception 
occurred in the alternative weed management practice of adding straw mulch for weed 
control that resulted in a larger number of earthworms and increased cation exchange 
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capacity, which can be considered as improvements in soil quality (Smith and Doran, 1996). 
The higher level of potassium in the soil of the straw mulch treatment plots may have been 
due to the additional straw that these plots received as part of the weed management 
treatment.  Tissue analysis of the oat straw used for mulch in the straw mulch treatment 
revealed a potassium content of 2154.7 mg·kg-1.  Conventional practices in strawberry 
production are not as detrimental to soil quality overall due to the addition to the soil of large 
amounts of organic matter each year in the form of straw that is used for overwintering.   
Strawberry Growth and Yield 
Strawberry foliar nutrient levels were affected similarly by both alternative and 
conventional techniques.  With the exception of sulfur content, all other nutrients in all four 
weed management treatments were within the range of established nutrient sufficiency for 
strawberry plants (Pritts and Handley, 1998).  The largest effect observed on plant growth 
was the difference in yield between pre-fumigated and non-fumigated plots in the first two 
harvest years and the subsequent equilibrium in yield that was reached in the third year.  
Increases in strawberry yield due to methyl bromide fumigation are commonly observed due 
to the elimination of pathogenic or competitive organisms (Hanson and Shrestha, 2006).  
Reduced strawberry yield and plant growth in the living mulch treatment may be due to 
resource competition with the living mulch (Neuweiler et al., 2003).  Although mowed 
regularly to a height of 12 cm, it is possible that sorghum-sudangrass is not an appropriate 
living mulch for use in strawberry production due to its height, biomass production, and 
nutrient and water demands.  Smeda and Putnam (1988) observed similar yield losses in 
strawberry as a result of resource competition with living mulches. 
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The alternative weed management practices investigated by this research, straw 
mulch or living mulch, provide adequate weed control and do not reduce soil quality.  
However, their negative effects on strawberry yield and plant growth indicate that more 
research is needed on these techniques before they can be recommended.  Future research 
can investigate which biological properties are the most effective indicators of soil quality 
and strawberry plant performance. 
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Table 1.  Percentage weed coverage, weed shoot dry weight, and number of dicot and monocot weeds from four weed 





Weed shoot  
dry wt. z (g)  Weed no. z  
Total weed 
biomassz (g) 
















monocot May Aug. 
Herbicide  3.1y 1.6 bc 7.39 2.19 0.63 b 0.06 2.1 5.1 3.2 0.4 b 7.0 ab 1.2 bc 
Fumigation + 
Herbicide 0.2 0.1 c 0.01 0.03 0.04 b 0.06 0.4 0.2 2.2 0.3 b 0.1 b 0.3 c 
Living mulch 7.7 4.7 ab 12.80 3.26 1.36 ab 0.44 3.3 7.5 4.3 1.5 b 13.4 a 2.6 ab  
Straw mulch 1.0 5.9 a 1.88 1.76 3.13 a 0.78 1.7 1.0 6.5 4.2 a 2.3 b 4.2 a 
LSDx NS 3.37 NS NS 2.12 NS NS NS NS 2.5 9.1 2.3 
 
zMeans obtained from the avg. of three, 0.25 m2 quadrats per plot. 
yMeans of four replications and three years. 





Table 2a.  Physical soil quality indicators from surface soil of four weed management treatments in a Junebearing strawberry 
















zMeans of four replications and three years.  























Herbicide  28.5z 1.44 45.6 18.2 61.2 19.7 16.1 
Fumigation + 
Herbicide 27.9 1.49 43.7 15.8 64.3 18.8 22.7 
Living mulch 27.3 1.43 45.9 18.5 60.7 19.1 30.0 
Straw mulch 29.8 1.46 45.0 15.2 66.7 20.3 21.4 




Table 2b.  Physical soil quality indicator, initial infiltration, for four weed management 
















zMeans of four replications. 
yAmount of time for 2.54 cm water to infiltrate into soil. 
xLeast significant difference @ P < 0.05; Values with the same letter are not different from each other. 
 
 
Table 3.  Biological soil quality indicators from four weed management treatments in a   

















zMeans of four replications and three years, 2004-2006.   
yMeans of four replications and two years, 2004 and 2006.   




 (min.)  
Treatment 2004 2005 2006 
Herbicide  19.4 b 8.3 4.9 b 
Fumigation + 
Herbicide 
27.0 a 12.9 6.1 b 
Living mulch 7.7 c 4.3 6.9 b 
Straw mulch 24.2 ab 12.9 15.0 a 
LSDx 5.8 NS 5.2 
Treatment 
Earthwormsz 




Herbicide  1.7 b 309.5 
Fumigation + 
Herbicide 0.8 b 328.7 
Living mulch 1.6 b 323.9 
Straw mulch 2.7 a 296.9 





Table 4a.  Chemical soil quality indicators from surface soil of four weed management treatments in a Junebearing strawberry 

















z Means of four replications; Measured in top 0 – 15 cm of soil.  































Herbicide  3.2z 1.8 0.16 6.3 16.9 28.0 6.3 190.0 29.1 2488.8 470.9 10.4 
Fumigation 
+ Herbicide 3.1 1.7 0.15 6.5 16.5 31.0 6.2 182.8 33.3 2420.9 459.1 10.9 
Living 
mulch 2.8 1.5 0.14 6.3 14.4 28.0 6.7 190.4 30.0 2112.4 397.9 8.4 
Straw 
mulch 3.2 1.7 0.16 6.3 16.0 28.0 6.0 182.6 25.6 2345.5 450.3 10.8 





Table 4b.  Chemical soil quality indicators from surface soil of four weed management treatments in a Junebearing strawberry 
 experiment, 2004.   
 
z Means of four replications. 

































Herbicide  3.5z 1.9 0.13 7.0 16.7 0.37 b 19.57 b 2.70 ab 215.4 b 39.6 2249.8 462.6 11.9 
Fumigation 
+ Herbicide 3.3 1.9 0.13 7.1 15.5 0.33 b 17.24 b 2.95 a 198.4 b 40.0 2234.3 459.3 10.2 
Living 
mulch 3.1 1.8 0.13 6.9 14.0 0.43 a 32.79 a 2.58 b 271.4 a 37.0 1935.0 423.9 10.3 
Straw 
mulch 3.4 1.7 0.13 6.9 15.3 0.42 a 31.56 a 2.51 b 289.2 a 35.0 2143.4 450.9 12.6 





Table 4c.  Chemical soil quality indicators from surface soil of four weed management treatments in a Junebearing strawberry 
 experiment, 2005.   
 
z Means of four replications. 
































Herbicide  3.8z 2.1 0.19 7.1 17.7 0.22 a 7.6 b 4.1 247.9 bc 38.3 2565.6 496.1 10.5 
Fumigation 
+ Herbicide 3.3 1.8 0.17 7.1 17.6 0.16 b 4.6 c 4.5 217.0 c 38.5 2589.3 485.6 11.0 
Living 
mulch 3.4 1.9 0.18 7.0 15.8 0.23 a 8.4 b 3.9 275.0 b 36.5 2258.5 448.5 9.5 
Straw 
mulch 3.7 2.0 0.19 7.1 16.7 0.23 a 12.4 a 4.0 347.9 a 33.9 2356.0 471.9 11.4 





4d.  Chemical soil quality indicators from surface soil of four weed management treatments in a Junebearing strawberry 

















z Means of four replications. 






























Herbicide  3.7z 2.1 0.18 7.1 13.8 0.185 b 253.8 b 41.3 1939.9 399.8 21.6 
Fumigation 
+ Herbicide 3.7 2.0 0.18 7.2 13.6 0.165 c 249.2 b 43.1 1916.1 398.8 19.9 
Living 
mulch 3.5 1.9 0.18 7.0 12.3 0.170 c 264.8 b 38.6 1684.5 374.8 16.2 
Straw 
mulch 4.1 2.3 0.19 7.1 13.2 0.200 a 339.8 a 38.6 1796.9 390.0 18.6 






Table 4e.  Chemical soil quality indicators from surface soil of four weed management treatments in a Junebearing strawberry soil 

















zMeans of four replications and three years.   
































Herbicide  3.7z 2.0 0.17 7.1 15.7 0.256 b 3.4 ab 239.0 c 39.7 2251.8 a 452.8 14.6 
Fumigation 
+ Herbicide 3.4 1.9 0.16 7.1 15.6 0.218 c 3.7 a 221.5 c 40.5 2246.5 a 447.9 13.7 
Living 
mulch 3.4 1.8 0.16 7.0 14.0 0.276 ab 3.2 b 270.4 b 37.4 1959.3 b 415.7 12.0 
Straw 
mulch 3.8 2.1 0.17 7.0 15.0 0.283 a 3.3 b 325.7 a 35.8 2098.8 ab 437.6 14.2 




Table 5a.  Foliar tissue analysis from four weed management treatments in a Junebearing 
strawberry experiment, 2004-2006. 
 
zMeans of four replications in each year and three years. 







Table 5b.  Foliar tissue analysis from four weed management treatments in a Junebearing 














zMeans of four replications. 


















Herbicide  0.38z 1.43 1.01 0.37 26.8 9.2 34.8 
Fumigation + 
Herbicide 0.39 1.49 1.06 0.37 27.5 9.3 35.8 
Living mulch 0.36 1.51 0.99 0.36 25.0 8.8 35.0 
Straw mulch 0.37 1.47 1.01 0.36 25.5 8.3 34.3 
LSDy NS NS NS NS NS NS NS 











Herbicide  2.6z a 0.02 0.17 a 46.5 ab 475.3 a 450.8 a 
Fumigation + 
Herbicide 2.6 ab 0.02 0.16 ab 59.3 a 554.3 a 538.8 a 
Living mulch 2.4 b 0.02 0.15 b 43.8 b 160.8 b 112.3 b 
Straw mulch 2.7 a 0.02 0.17 a 39.5 b 198.5 b 150.5 b 
LSDy 0.2 NS 0.01 13.5 191.5 212.7 
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Table 5c.  Foliar tissue analysis from four weed management treatments in a Junebearing 
strawberry experiment, 2005. 
 
z Means of four replications. 







Table 5d.  Foliar tissue analysis from four weed management treatments in Junebearing 
strawberry experiment, 2006. 
 
zMeans of four replications. 















Herbicide  2.5z 0.02 0.15  31.5 b 98.3 a 55.3 a 
Fumigation + 
Herbicide 2.3 0.13 0.14  37.3 ab 86.3 b 42.8 b 
Living mulch 2.3 0.02 0.14  48.8 a 105.0 a 60.3 a 
Straw mulch 2.3 0.01 0.14  29.3 b 69.3 c 27.8 c 
LSDy NS NS NS 14.0 11.3 11.3 











Herbicide  2.70z a 0.01 b 0.17 a 35.5 bc 81.8 a 21.5 a 
Fumigation + 
Herbicide 2.60 ab 0.01 b 0.16 a 44.5 ab 83.0 a 20.3 a 
Living mulch 2.76 a 0.02 a 0.17 a 52.3 a 86.5 a 23.3 a 
Straw mulch 2.48 b 0.01 b 0.15 b 30.0 c 58.8 b 8.3 b 
LSDy 0.18 0.01 0.01 13.7 8.8 5.4 
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Table 6a.  Strawberry yield and plant growth measurements as affected by four weed 















zLeaf area, leaf wt., and root wt means were obtained from plant materials obtained from three randomly placed 
0.093 m2 quadrats.  
yMeans of four replications.  





Table 6b.  Strawberry yield and plant growth measurements as affected by four weed 
management treatments in a Junebearing strawberry experiment 2006. 
 
zLeaf area, leaf wt., and root wt. means were obtained from plant materials obtained from three randomly placed 
0.093 m2 quadrats. 
yMeans of four replications.  





Leaf area z 
(cm2) 
Leaf wt. z 
(g) 
Root wt. z 
(g) 
Herbicide  4.4y b 3087.5 a 31.4 a 17.6 a 
Fumigation + 
Herbicide 6.0 a 3388.3 a 35.1 a 13.6 bc 
Living mulch 2.9 c 1938.1 b 19.8 b 9.9 c 
Straw mulch 3.4 bc 3154.0 a 32.1 a 15.7 ab 













wt. z (g) 
Root 
wt. z (g) 
Herbicide  5.3y b 87.0 b 6.2 2695.2 24.1 30.1 a 
Fumigation + 
Herbicide 6.2 a 98.8 a 6.4 2345.5 23.1 32.3 a 
Living mulch 4.4 c 70.1 c 6.4 2687.7 26.2 22.5 b 
Straw mulch 5.6 b 86.5 b 6.5 2222.0 20.6 23.3 b 
LSDx 5.8 8.9 NS NS NS 5.3 
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Table 6c.  Strawberry yield and plant growth measurements as affected by four weed 
management treatments in a Junebearing strawberry experiment, 2007. 
 
zMeans of four replications. 





Table 7.  Strawberry plant growth measurements as affected by four weed management 
















zPetiole number, strawberry plant number, strawberry crown weight and number means were obtained from 
plant materials obtained from three randomly placed 0.093 m2 quadrats.   
yMeans of four replications.  





Treatment Yield  (kg·0.31 m-1) 
Berry number  
(no.·0.31 m-1) 
Berry 
weight (g)  
Herbicide  3.4z 37.5 9.1 
Fumigation + 
Herbicide 3.4 37.4 9.0 
Living mulch 3.3 35.6 9.3 
Straw mulch 3.0 33.3 9.1 
LSDy NS NS NS 








Herbicide  142.2y a 16.2 a 40.8 ab 22.7 a 
Fumigation + 
Herbicide 136.2 a 14.8 ab 42.9 a 19.4 ab 
Living mulch 107.4 b 10.9 c 30.9 c 15.3 c 
Straw mulch 106.5 b 12.4 bc 33.7 bc 16.4 bc 




CHAPTER 3.  EFFECT OF CONVENTIONAL AND ALTERNATIVE WEED 




A paper to be submitted to the Journal of the American Society for Horticultural Science 
 




Herbicide use in vineyards has become the most common means of in-row weed 
management due to their effectiveness and convenience.  As concerns about soil erosion and 
compaction, re-plant disorders, and ground water quality have increased, a need for suitable 
alternative methods of weed management has become apparent.  The study compared the 
efficacy of two alternative weed management strategies with two forms of conventional 
vineyard weed management.  All treatments were evaluated on their ability to inhibit in-row 
weed growth, maximize grapevine yield, growth and development, and maintain or improve 
vineyard soil quality.  Mature vineyard rows of ‘Marechal Foch’ grape were used in the 
study.  The experiment was based on a randomized complete block design with four weed 
management treatments and four replications.  Treatments: 1) living mulch of creeping red 
fescue (Festuca rubra), 2) straw mulch, 3) conventional pre and post-emergent herbicides, or 
4) cultivation.  The living mulch and straw mulch treatment plots had lower percentage weed 
cover than, or was similar to, herbicide and cultivation plots, demonstrating that living or 
straw mulches have the potential to manage weed populations as well as, or better than, 
herbicides or cultivation.  Bulk density was higher in plots treated with herbicides (1.44 
g·cm-3) compared to plots covered with straw mulch (1.36 g·cm-3) or living mulch (1.33 
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g·cm-3).  Percent organic matter, total organic carbon, microbial biomass carbon, and initial 
infiltration rate, also indicators of soil quality, were lower in the herbicide treatment plots 
compared to the living mulch treatment plots.  Grapevines grown in the living mulch 
treatment experienced a reduction in pruning weight compared to the straw mulch and 
herbicide treatments, but it was not reduced as much as vines grown in cultivated plots.  
Average yield per vine, cluster number per vine, and average cluster weight were similar 
among treatments over all years.  The alternative weed management practices studied in this 
research, straw mulch or living mulch, provide excellent weed control and have the potential 
to improve soil quality.  The reduced vigor of the grapevines in the living mulch treatment 
indicated a need for further investigation before living mulches can be recommended for 




Control of weeds in the vineyard row (under the trellis and grape canopy) is a critical 
aspect of grape production and is typically accomplished by herbicide application, 
cultivation, mulching, or combinations of these methods.  Herbicide use has proven to be the 
most economical weed management strategy in vineyards (Elmore et al., 1997; Pool et al., 
1990; Stevenson et al., 1986) and orchards (Haynes, 1980; Merwin et al., 1995), however, 
the effects of herbicide use and other weed management techniques on soil quality and the 
long-term sustainability of the soil is unclear.  Pool et al. (1995) noted that due to erosion 
hazards associated with herbicide and cultivation-based weed management, some type of 
ground cover in the row is needed in vineyards.  Merwin et al. (1994) noted that interest in 
alternatives to herbicide-based weed management has been stimulated by public concern 
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about potential agrichemical contamination of surface and groundwater supplies.  Also, 
conventional cultivation used as a method of weed control in vineyards and orchards has 
been widely viewed as a cause of soil degradation (Haynes, 1980; Merwin et al., 1994; Pool 
et al., 1990).  Coinciding with concerns about water and soil quality has been the expansion 
of markets for high value organically certified fruit and processed fruit products (White, 
1995).  Grape growers interested in the organic market for their products are especially 
interested in alternative weed management systems for grapes, since additional production 
costs that may be incurred in organic systems (e.g., straw mulch) can be offset by a higher 
market value for organic grapes and reduced herbicide inputs.  Furthermore, Merwin and 
Pritts (1993) mention that due to the prevalence of re-plant disease and the eventual phase-
out of soil fumigants such as methyl bromide, favorable perennial fruit production sites were 
limited in the future.  These concerns have led to increased interest in sustainable fruit 
production techniques and have also resulted in a re-evaluation of soil quality as affected by 
both conventional and alternative weed management systems. 
We examined the effects that two conventional and two alternative weed control 
strategies had on soil quality by comparing responses to the management strategies.  This 
information was useful for grape growers because it resulted in important feedback about the 
effects their production practices have on soil.  If soil degradation was indicated by the soil 
quality characteristics, then appropriate actions could be taken to improve the soil condition.  
  
Materials and Methods 
The experimental design was a randomized complete-block with four replications of 
four treatments.  A 7.3 m x 0.9 m area containing four plants served as the experimental plot.  
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The following weed management treatments were applied in a 0.9 m band, under the grape 
canopy:  1) living mulch, 2) straw mulch, 3) herbicide, and 4) cultivation.  Treatment one 
consisted of a living mulch of Creeping red fescue (Festuca rubra L. ‘Pennlawn’), that was 
seeded at the rate of 19.5 g·m-2 on 25 Sept. 2003.  The fescue was overhead irrigated for 
establishment; no mowing or over-seeding took place during the experiment.  Treatment two 
consisted of straw mulch applied at the rate of 13.6 t·ha-1 (Cahoon et al., 1991) to obtain a 
depth of 10 cm and included straw applications in 2004, 2006, and 2007 (Application of 
straw was not needed in 2005).  Treatment three consisted of a glyphosate application (1.1 kg 
·ha-1 once per month during summer after monthly weed data had been collected (2004-
2007).  These herbicide spray applications followed ISU extension recommendations 
(Gleason et al., 2004).  Treatment four consisted of shallow cultivation (5 cm) of plots in 
May, July, and Aug. in all years (2004-2007) using a hand-held rototiller.  
The experiment took place in a research vineyard at the Iowa State University 
Horticulture Research Station near Ames, IA (42° 06’ 28.9” N – 93° 35’ 09.15” W).  The 
vineyard was established in 1985.  The vineyard had rows spaced 2.7 m apart in a north-
south orientation.  The soil type was a Clarion loam; a fine-loamy, mixed, superactive, mesic 
Typic Hapludolls, in a Clarion-Webster-Nicollet association.  The vines were spaced 1.8 m 
apart within the row and trained to a six-cane kniffen system.  The vineyard had a 1.8 m wide 
Kentucky bluegrass (Poa pratensis L.) sod strip between rows that was maintained by 
periodic mowing.  A 0.9 m wide strip under the canopy had been maintained as a weed-free 
zone with an herbicide spray program from 1985 to 2003.    Urea was applied to all 
treatments at the rate of 67 kg N·ha-1 in May 2004-2006.  The interspecific hybrid cultivar 
Marechal Foch (Vitis spp.) was used in the experiment.  Insects and diseases were controlled 
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as recommended in the Iowa Commercial Small Fruit and Grape Spray Guide (Gleason et al., 
2004).  
Weed species, number, shoot biomass, and percentage weed cover were obtained in 
July and Aug. 2004 and May, July, and Aug. 2005-2006 and were determined by averaging 
three randomly placed 0.25 m2 quadrats per plot.  Prior to the establishment of treatments, ten 
soil samples were collected from vineyard plots at a depth of 0-15.2 cm (1.9 cm diam. soil 
core) on 15-20 Sept. 2003.  All subsequent soil samples were taken at the depth of 0-7.6 cm 
(Dick et al., 1996; Glover et al., 2000) with a core diameter of 3.1 cm.  The number of soil 
samples taken per plot was increased from 12 cores in 2004 to 14 cores in 2005 and 2006 to 
account for soil analysis needs.  Composite soil samples were collected for physical, 
chemical, and biological properties within the grape row in fall 2004-2006 and soil analyses 
were performed with these samples. 
Physical soil properties measured include volumetric water content, soil bulk density, 
total porosity, air-filled porosity, water-filled pore space, gravimetric moisture, and 
flooded/ponded initial infiltration.  Volumetric water content, bulk density, total porosity, air-
filled porosity, water-filled pore space, and gravimetric moisture were calculated from 
weight, volume, and moisture content of soil cores obtained for soil testing procedures 
(Arshad et al., 1996; Lowery et al., 1996; USDA, 1999).  Flooded/ponded initial water 
infiltration was determined as described by Lowery et al. (1996) and USDA (1999).  In this 
procedure a 15.24 cm diam. tube was pounded 7.62 cm into the soil, 444 mL of water was 
slowly released inside the tube, and the amount of time required for the water to enter the soil 
was recorded as the initial infiltration.  
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Chemical soil properties measured include organic matter, total organic carbon and 
nitrogen, pH, calculated cation exchange capacity (CEC), electrical conductivity (EC), 
mineral nitrogen (NH4 and NO3), Bray-1 phosphorus, potassium, and exchangeable calcium, 
magnesium, and sodium.  Chemical soil properties were taken from 8 mm sieved soil and 
chemical analyses were performed by the Soil and Plant Analysis Laboratory, Iowa State 
University, Ames, Iowa, following Brown (1997) and Westerman et al. (1990).  Biological 
properties of soil measured include microbial biomass carbon and earthworm number.  
Microbial biomass carbon was measured using the fumigation extraction method modified 
from Vance et al. (1987) and Rice et al. (1996).  Earthworm number was obtained by hand-
sorting through 0.03 m3 of soil per treatment plot.  Soil was extracted with a spade and 
collected at one random location per treatment under the grapevine canopy following a 
modified procedure of Blair et al. (1996). 
Yield variables of grapes were determined from fruit weight per vine, cluster number 
per vine, and mean berry size in Aug.-Sept. 2004-2007.  Grape quality and growth data were 
determined from fruit percentage soluble solids, pH, total acidity, and dormant cane pruning 
weights.  Dormant cane pruning weights were collected in April 2004-2007.  Grape leaf 
petioles for tissue analysis were collected on 9 Aug. 2004, 8 Aug. 2005, and 11 Aug. 2006.  
Petiole tissue analyses were conducted by A & L Great Lakes Laboratory, Inc., Fort Wayne, 
Ind.   
 Data were subjected to analysis of variance (ANOVA) and means were separated 
using Fisher’s Protected LSD test at the P < 0.05 significance level.  When ANOVA revealed 
no significant year by treatment interaction, data were pooled over years.  Data from 





Measurements of Weed Presence 
 There was a year by treatment interaction, therefore weed data are presented by 
individual year.  In July and Aug. 2004, the cultivation treatment had the highest percentage 
weed coverage (89.8 % and 20.4 %, respectively) and all other treatments were similar 
(Table 1).  In Aug. 2004, plots with straw mulch and plots treated with herbicides had the 
lowest weed coverage (0.8 % and 6.7 %, respectively).  Living mulch plots were similar in 
weed coverage (11.3 %) to plots receiving herbicides.  Plots receiving the cultivation had the 
highest amount of weed coverage (20.4 %). 
 In May 2005, percentage weed cover was highest in the cultivation treatment plot 
(98.3 %).  Weed coverage was similar between plots of the herbicide and straw mulch 
treatments (16.8 % and 8.7 %, respectively).  Weed coverage was similar between the living 
mulch treatment (1.1 %) plot and straw mulch treatment.  In July 2005, weed coverage was 
highest in plots receiving the cultivation treatment (95.2 %) followed by herbicide (87.9 %) 
and was lowest in living and straw mulch (3.3 % and 0 %, respectively).  In Aug. 2005, weed 
coverage was highest in plots with the cultivation treatment (93 %) followed by herbicide (30 
%) and was lowest in living and straw mulch treatments (3.5 % and 2.4 %, respectively). 
 In May 2006, percentage weed cover was highest in the cultivation treatment (76 %) 
followed by herbicide (17 %) and was similar between living mulch and straw mulch (2.7 % 
and 1.7 %, respectively).  In July 2006, percentage weed cover was highest in the cultivation 
and herbicide plots (69.8 % and 64.7 %, respectively) and was similar between living and 
straw mulch treatments (3.1 % and 1.5 %, respectively).  In Aug. 2006, percentage weed 
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cover was highest in the cultivation treatment (84 %) followed by herbicide (20.4 %) and was 
similar between living mulch and straw mulch (4.7 % and 3.9 %, respectively).   
In July 2004, dicot weed shoot dry weight was highest in cultivated plots (13.4 g) and 
was similar among all other treatments (Table 2).  In Aug. 2004, dicot weed shoot dry weight 
was similar between living mulch plots (1.8 g) and cultivation plots (1.0 g), and between the 
cultivation, herbicide, and straw mulch treatment plots.  There were no differences among 
treatments for July monocot weed shoot dry weights.  Aug. monocot weed shoot dry weight 
was highest in the cultivation treatment (0.8 g) and was similar among all other treatments. 
 In July 2004, dicot weed number was highest in the cultivation plot (11.9 weeds) and 
was similar among all other treatments.  In Aug. 2004, dicot weed number was highest in the 
herbicide and cultivation treatment plots where each had an average of three weeds.  Straw 
mulch plots had the lowest number of weeds followed by the living mulch treatment.  In 
Aug. 2004, monocot weed number was similar between cultivation and herbicide plots (3 and 
1.5 weeds, respectively) and was similar among straw mulch, living mulch, and herbicide 
treatments. 
In May 2005, dicot weed shoot dry weight was highest in the cultivation treatment 
(70.3 g) (Table 3) and was similar among all other treatments.  July 2005 dicot weed shoot 
dry weight was highest in the herbicide and cultivation plots (20.2 and 14.6 g, respectively).  
Aug. 2005 dicot weed shoot dry weight was highest in the cultivation treatment (11.3 g) and 
was similar among all other treatments.  In May 2005, monocot weed shoot dry weight was 
similar among all treatments.  In July 2005, monocot weed shoot dry weight was highest in 
the herbicide treatment (29 g) and was similar among the cultivation, living mulch, and straw 
mulch treatments (10.5, 0.5, and 0 g, respectively).  In Aug. 2005, monocot weed shoot dry 
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weight was similar between the cultivation and herbicide treatment plots (6, and 2.3, 
respectively) and was similar among herbicide, living mulch (0.5 g), and straw mulch (0 g) 
treatments. 
 In May, July, and Aug. 2005, dicot weed number was highest in the cultivation 
treatment and was similar among the herbicide, living mulch, and straw mulch.  In May 
2005, monocot weed number was similar between the cultivation and straw mulch treatments 
(11.4 and 5.5 weeds, respectively) and was similar between straw mulch, herbicide and living 
mulch.  In July and Aug. 2005, monocot weed number was highest in the cultivation 
treatments and was similar among all other treatments. 
 In May and Aug. 2006, dicot weed shoot dry weight was highest in the cultivation 
treatment and was similar among all other treatments (Table 4).  In July 2006, dicot weed 
shoot dry weight was highest in the herbicide treatment plots (24.8 g) and was similar among 
all other treatments.  In May 2006, all treatment plots had similar monocot weed shoot dry 
weights and in July and Aug., monocot weed shoot dry weight were highest in the cultivation 
treatment plots and was similar among all other treatments. 
 In May, July, and Aug. 2006, dicot weed number was highest in the cultivation 
treatment and was similar among all other treatments.  In May 2006, all treatment plots had a 
similar number of monocot weeds and in July and Aug., monocot weed number was highest 
in the cultivation treatment plots and was similar among all other treatments. 
Physical Soil Quality Indicators 
 Physical soil quality indicators collected in Oct.-Nov. 2004-2006 had no year by 
treatment interactions, therefore the results are combined (Table 5).  Volumetric water 
content was highest in soil receiving the straw mulch treatment (32 %) followed by 
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cultivation and herbicide (23 % and 22 %, respectively) treatments and was lowest in the 
living mulch treatment (20 %).  Bulk density was similar between plots receiving the 
herbicide and cultivation treatments (1.44 and 1.38 g·cm-3, respectively) and was similar 
among the cultivation, straw mulch (1.36 g·cm-3), and living mulch (1.33 g·cm-3) treatments.   
Total porosity was similar between the herbicide and cultivation treatments (46 % and 
48 %, respectively) and was similar among the cultivation, straw mulch (49 %), and living 
mulch (50 %) treatments.  Air-filled porosity was greatest in soil from the living mulch 
treatment (30 %) followed by the cultivation and herbicide treatments (25 % and 23 %, 
respectively) and was lowest in the straw mulch treatment (17 %).  Water-filled pore space 
was highest in the soil receiving the straw mulch treatment (66 %) followed by the herbicide 
and cultivation treatments (49 % and 48 %, respectively) and was lowest in the living mulch 
treatment.  Gravimetric moisture content was highest in soil from the straw mulch treatment 
(24 %) and was similar between the cultivation and herbicide treatments (17 % and 16 %, 
respectively) and was similar between herbicide and living mulch (15 %) treatments. 
 In 2004, initial infiltration time into the soil was similar between living mulch and 
straw mulch treatments and between herbicide and cultivation treatments (Table 6).  In 2005, 
initial infiltration time was similar among herbicide, straw mulch, and cultivation treatments 
and was most rapid in the living mulch treatment.  In 2006, initial infiltration time was 
similar among herbicide, straw mulch, and cultivation treatments and was similar between 
living mulch and cultivation treatments.  For the combined years 2004-2006, initial 
infiltration was most rapid in the living mulch treatment, was similar between the straw 




Chemical Soil Quality Indicators 
In 2003, soil samples taken prior to the establishment of treatment plots showed no 
differences in chemical soil quality indicators (Table 7a).  In 2004, soil samples from the 
straw mulch and herbicide treatments had similar amounts of phosphorus (73.4 and 61.3 mg· 
kg-1, respectively), herbicide and cultivation (49.8 mg· kg-1) were similar, as were the 
cultivation and living mulch (46.3 mg· kg-1) treatments (Table 7b).  Soil potassium and 
sodium contents were highest in the straw mulch treatment plots and were similar in amount 
among all other treatments.  Nitrate-nitrogen level was lowest in living mulch and cultivation 
treatments and was highest in the straw mulch and herbicide treatment plots. 
In 2005, soil phosphorus content was highest in the straw mulch treatment plots (72.3 
mg· kg-1) followed by the herbicide treatment (56 mg· kg-1) and was similar between living 
mulch and cultivation (41.5 and 36.1 mg· kg-1, respectively) (Table 7c).  Soil potassium and 
sodium contents were highest in the straw mulch treatment plots and were similar in amount 
among all other treatments.  Ammonium-nitrogen level was lowest in the living mulch 
treatment plots. 
In 2006, soil phosphorus content was highest in the straw mulch and herbicide 
treatments (56.6 and 50.9 mg· kg-1, respectively) and was lowest in the cultivation and living 
mulch plots (38.5 and 31.5 mg· kg-1, respectively) (Table 7d).  Soil potassium was highest in 
the straw mulch treatment (357.6 mg· kg-1) and there were no differences among the other 
three treatments. 
For the years 2004-2006, soil organic matter was highest in the living and straw 
mulch treatments (3.0 % and 3.4 %, respectively) and lowest in the cultivation and herbicide 
treatments (2.8 % and 2.8 %, respectively) (Table 7e).  Total soil organic carbon was highest 
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in the living and straw mulch treatments (1.77 % and 1.86 %, respectively) and lowest in the 
cultivation and herbicide treatments (1.54 % and 1.53 %, respectively).  Total organic 
nitrogen was similar between the straw mulch and living mulch treatment plots, between 
living mulch and cultivation, and between herbicide and cultivation treatments.  There were 
no differences among treatments for pH, CEC, EC, calcium, or magnesium.   
Biological Soil Quality Indicators 
 There was a year by treatment interaction with the soil microbial biomass carbon 
measurements, therefore data are presented by individual year (Table 8a).  In 2004, soil 
microbial biomass carbon was highest in the living mulch treatment plot (535.7 µg C·g-1) and 
straw mulch, herbicide, and cultivation were similar (271.4, 271.5, and 252.5 µg C·g-1, 
respectively).  In 2006, soil microbial biomass carbon was similar among the living mulch, 
cultivation, and straw mulch treatments (428.2, 397.8, and 327.0 µg C·g-1, respectively).  The 
herbicide treatment plot had a similar amount of soil microbial biomass carbon compared 
with the cultivation and straw mulch treatments.  There were no year by treatment 
interactions with the earthworm measurements, therefore the data are combined (Table 8b).  
A similar number of earthworms were found in the straw mulch and cultivation plots (25 and 
19 worms, respectively) and among the living mulch (16 worms), herbicide (13 worms), and 
cultivation treatment plots. 
Grape Petiole Analysis  
 There were no year by treatment interactions among the grape petiole nutrient 
analysis variables, therefore years are combined (Table 9).  For the years 2004-2006, grape 
petiole analysis revealed no differences between treatments for phosphorus, calcium, 
magnesium, sulfur, sodium, zinc, manganese, iron, copper, boron, or aluminum.  Nitrogen 
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content was highest in leaf petioles from vines grown with the straw mulch and herbicide 
treatment (1.08 and 1.14 mg· kg-1, respectively) and was lowest in the living mulch and 
cultivation treatments (1.00 and 0.96 mg· kg-1, respectively).  Nitrate-nitrogen was similar 
between leaves from vines grown in the herbicide and straw mulch plots (0.04 and 0.03 mg· 
kg-1) and was similar among straw mulch, living mulch (0.02 mg· kg-1), and cultivation (0.02 
mg· kg-1) treatment plots.  Petiole content of potassium was similar between vines grown in 
straw mulch and herbicide plots (1.14 and 0.93 mg· kg-1, respectively) and was similar 
between herbicide and living mulch (0.77 mg· kg-1) plots and between living mulch and 
cultivation (0.62 mg· kg-1) treatment plots. 
Grape Yield, Quality, and Growth Measurements 
 There were no year by treatment interactions among the grape yield, quality, or 
growth variables, therefore years are combined (Table 10).  Total yield per vine over all four 
years (2004-2007) was similar among grapevines grown with the living mulch, straw mulch, 
and herbicide treatments (2.1, 2.5, and 2.6 kg, respectively) and was similar between the 
cultivation (1.6 kg) and living mulch treatments.  Grapevine cluster number was similar 
among the living mulch, straw mulch, and herbicide treatments and the cultivation and living 
mulch treatments were similar.  There were no differences among treatments for grape 
cluster weight, berry weight, grape berry total acidity, or percentage soluble solids.  Vine 
pruning weight of dormant canes was highest in the herbicide and straw mulch treatments 
(0.55, and 0.50 kg) followed by living mulch (0.37 kg).  The vines in the cultivation 







Results of percentage weed coverage showed that cultivation is an effective weed 
management strategy for short time periods.  Otherwise, between cultivations, percentage 
weed coverage was highest in the cultivation treatment plots.   This was also the case in 
Baumgartner et al. (2007), where multiple cultivations were required to approximate the 
same effectiveness as one glyphosate application.  In our study, the living mulch and straw 
mulch treatment plots had lower percentage weed cover than, or was similar to, herbicide and 
cultivation plots.  This shows that living or straw mulches have the potential to manage weed 
populations as well as, or better than, herbicides or cultivation. 
Soil Quality 
 As previous research has shown, relying on cultivation or herbicide use as the 
primary form of weed management in vineyards can be a cause of soil degradation (Haynes, 
1980; Merwin et al., 1994; Pool et al., 1990; Wardle, et al., 2001), however in our study 
earthworm number, an indicator of soil quality, was similar between plots that were 
cultivated and plots that were not cultivated.  Bulk density was higher in soil from plots 
receiving the herbicide treatment than in the living or straw mulch treatment plots in these 
studies.  Percent organic matter, total organic carbon, microbial biomass carbon, and initial 
infiltration rate, also indicators of soil quality, were lower in the herbicide treatment plots 
compared to the living mulch treatment plots.  The higher levels of organic matter in the 
living or straw mulch treatments would be expected due to the additional organic matter that 
was provided to these plots as part of their treatment.  The straw mulch treatment plots also 
had the highest level of potassium, which may have been due to the presence of the straw 
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mulch which had a potassium level of 2154.7 mg·kg-1.  Therefore, certain indicators of soil 
quality can be improved through the use of these alternative weed management strategies 
such as straw mulch or living mulch. 
Grapevine Growth and Yield 
When using living mulches for weed management, competition between the living 
mulch and the crop plant must be considered (Merwin et al., 1994; Merwin et al.,1995; 
Smeda and Putnam, 1988).  Krohn and Ferree (2005) described a reduction of total shoot 
length of grapevines in experiments examining the effects of ground covers on grapevine 
growth.   In our study, grapevines in the living mulch treatment experienced a reduction in 
pruning weight compared to the straw mulch and herbicide treatments, but was not reduced 
as much as vines grown in cultivated plots.   
The alternative weed management practices studied in this research, straw mulch or 
living mulch, provided excellent weed control and improved soil quality.  The reduced vigor 
of the grape plants in the living mulch treatment indicated a need for further investigation 
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Table 1.  Percentage of soil under the grape canopy covered by weeds for four weed management treatments in a vineyard, 2004-
 2006. 
 Percentage weed coveragez 
 2004  2005  2006 
Treatment July Aug. May  July Aug. May  July Aug. 
Living mulch 7.4
y b 11.3 b 1.1 c 3.3 c 3.5 c 2.7  c 3.1 b 4.7 c 
Straw mulch 2.7 b 0.8 c 8.7 bc 0.0 c 2.4 c 1.7  c 1.5 b 3.9 c 
Herbicide 3.4 b 6.7 bc 16.8 b 87.9 b 30.0 b 17.0 b 64.7 a 20.4 b 
Cultivation 89.4 a 20.4 a 98.3 a 95.2 a 93.0 a 75.8 a 69.8 a 84.0 a 
LSDx 8.4 6.2 10.6 7.0 9.4 14.4 26.9 8.9 
 
zMeans obtained from the avg. of three, 0.25 m2 quadrats per plot. 
yMeans of four replications. 






Table 2.  Weed shoot dry weight and number of dicot and monocot weeds from four weed management treatments in a grape 
vineyard, 2004.  
 
Weed shoot dry wt.z (g)  Weed numberz 
Treatment July dicot 
July 
monocot Aug. dicot 
Aug. 
monocot July dicot July monocot Aug. dicot Aug. monocot 
Living mulch 4.2y b 0.6  1.8 a 0.13 b 1.7 b 0.4 b 1.8 b 0.3 b 
Straw mulch 0.2 b 1.8  0.1 b 0.03 b 0.2 b 3.6 b 0.3 c 0.3 b 
Herbicide 2.6 b 0.0  0.5 b 0.19 b 2.4 b 0.0 b 3.4 a 1.5 ab 
Cultivation 13.4 a 10.4  1.0 ab 0.80 a 11.9 a 18.4 a 3.3 a 3.0 a 
LSDx 4.8 NS 1.0 0.50 4.3 9.3 1.4 1.6 
 
zMeans obtained from the avg. of three, 0.25 m2 quadrats per plot. 
yMeans of four replications. 





Table 3.  Weed shoot dry weight and number of dicot and monocot weeds from four weed management treatments in a grape 
vineyard, 2005.  
 
































Living mulch 3.5y b 0.3  1.4 b 0.5 b 1.1 b 0.5 b 1.3 b 0.3 b 1.4 b 0.3 b 0.4 b 0.4 b 
Straw mulch 8.6 b 4.9  0.0 b 0.0 b 1.1 b 0.0 b 1.0 b 5.5 ab 0.0 b 0.0 b 0.2 b 0.0 b 
Herbicide 9.8 b 24.2  20.2 a 29.0 a 5.9 b 2.3 ab 3.3 b 0.8 b 33.6 b 29.9 b 10.5 b 8.2 b 
Cultivation 70.3 a 29.5  14.6 a 10.5 b 11.3 a 6.0 a 39.8 a 11.4 a 202.4 a 85.6 a 653.4 a 28.0 a 
LSDx 16.9 NS 8.2 10.8 5.3 4.1 13.7 6.0 72.2 31.9 273.8 12.4 
 
zMeans obtained from the avg. of three, 0.25 m2 quadrats per plot. 
yMeans of four replications. 







Table 4.  Weed shoot dry weight and number of dicot and monocot weeds from four weed management treatments in a grape 
vineyard, 2006.  
 




























Living mulch 1.9y b 2.4 0.4 b 0.2 b 0.3 b 1.3 b 1.5 b 1.9 ab 0.83 b 0.1 b 1.1 b 3.4 b 
Straw mulch 0.0 b 0.8 0.6 b 0.0 b 1.4 b 0.0 b 0.0 b 0.0 b 0.17 b 0.0 b 0.2 b 0.1 b 
Herbicide 3.8 b 4.4 24.8 a 5.5 b 3.4 b 2.1 b 3.0 b 2.4 ab 18.1 b 11.6 b 10.7 b 5.8 b 
Cultivation  26.0 a 9.6 6.6 b 4.3 a 8.8 a 7.0 a 78.3 a 17.6 a 207.3 a 251.6 a 431.4 a 209.7 a 
LSDx 7.1 NS 7.8 4.3 3.9 3.7 25.2 NS 96.8 94.4 185.3 127.9 
 
zMeans obtained from the avg. of three, 0.25 m2 quadrats per plot. 
yMeans of four replications. 






Table 5.  Physical soil quality indicators from surface soil of four weed management treatments in a grape vineyard in Oct.-Nov. 
















zMeans of four replications and three years. 

















Living mulch 20z c 1.33 b 50 a 30 a 40.8 c 15 c 
Straw mulch 32 a 1.36 b 49 a 17 c 65.9 a 24 a 
Herbicide 22 b 1.44 a 46 b 23 b 49.2 b 16 bc 
Cultivation 23 b 1.38 ab 48 ab 25 b 48.3 b 17 b 





Table 6.  Initial infiltration of water in soil of four weed management treatments in a grape 
vineyard, 2004-2006.   
 
 
zAmount of time for 2.54 cm of water to infiltrate into soil. 
yMeans of four replications. 





Treatment 2004 2005 2006 2004-2006 
Living mulch 4.0
y b 0.6 b 1.0 b 1.9 c 
Straw mulch 3.5 b 3.3 a 7.1 a 4.6 b 
Herbicide 8.4 a 4.5 a 7.2 a 6.7 a 
Cultivation 7.5 a 3.0 a 4.1 ab 4.9 ab 




Table 7a.  Chemical soil quality indicators from surface soil of four weed management treatments in a grape vineyard, 2003.   
 
zMeans of four replications; Measured in top 0 – 15 cm of soil.  



































3.0z 1.7 0.15 6.6 14.6 0.28 20.7 2.9 161.8 23.6 2215.5 356.9 15.5 
Straw 
mulch 
2.5 1.4 0.14 6.7 13.5 0.26 18.8 3.5 156.0 25.3 1995.8 365.7 13.1 
Herbicide 2.6 1.4 0.14 6.7 14.0 0.27 19.2 3.4 154.5 23.0 2132.3 347.1 14.2 
Cultivation 2.8 1.6 0.15 6.4 14.4 0.27 23.4 3.3 168.2 27.4 2121.0 388.7 13.4 





Table 7b.  Chemical soil quality indicators from surface soil of four weed management treatments in a grape vineyard, 2004.   
 
zMeans of four replications. 




































3.3z 1.8 0.17 6.7 14.7 0.28 9.8 b 9.8 167.3 b 46.3 c 2233.6 363.0 8.9 b 
Straw 
mulch 
3.2 1.8 0.17 6.9 14.7 0.25 33.5 a 33.5 622.6 a 73.4 a 1985.8 348.9 49.3 a 
Herbicide 2.8 1.5 0.16 6.8 26.3 0.22 26.0 a 26.0 207.5 b 61.3 ab 4556.8 350.0 9.4 b 
Cultivation 2.8 1.5 0.16 6.4 14.0 0.16 16.8 b 16.8 167.5 b 49.9 bc 2100.5 366.3 10.0 b 





Table 7c.  Chemical soil quality indicators from surface soil of four weed management treatments in a grape vineyard, 2005.   
 
zMeans of four replications. 


































3.3z 1.8 0.17 6.7 14.5 0.24 2.9 5.3 b 210.4 b 41.5 c 2168.1 370.6 9.0 b 
Straw 
mulch 
3.3 1.8 0.17 6.8 14.5 0.24 3.1 20.8 a 583.5 a 72.3 a 1973.4 366.4 19.8 a 
Herbicide 2.8 1.5 0.16 6.9 15.1 0.23 3.0 15.4 a 197.6 b 56.0 b 2298.4 367.6 6.4 b 
Cultivation 2.8 1.5 0.16 6.5 13.5 0.20 2.8 19.3 a 151.8 b 36.1 c 2007.8 368.1 6.4 b 





Table 7d.  Chemical soil quality indicators from surface soil of four weed management treatments in a grape vineyard, 2006. 

















zMeans of four replications. 
































3.1z 1.7 0.17 6.7 11.7 0.14 161.3 b 31.5 b 1746.8 305.6 9.8 
Straw 
mulch 
3.6 2.0 0.19 6.9 11.9 0.14 357.6 a 56.6 a 1652.6 322.0 9.6 
Herbicide 2.8 1.5 0.16 7.0 11.5 0.17 168.5 b 50.9 a 1742.3 283.0 6.5 
Cultivation 2.9 1.6 0.17 6.7 10.9 0.14 130.1 b 38.5 b 1592.9 304.5 6.6 






















zMeans of four replications and three years.   






























3.0z a 1.77 a 0.174 ab 6.7 13.6 0.22 39.8 c 2049.5 346.4 
Straw 
mulch 
3.4 a 1.86 a 0.178 a 6.9 13.7 0.21 67.4 a 1870.6 345.8 
Herbicide 2.8 b 1.53 b 0.159 c 6.9 17.6 0.20 56.0 b 2865.8 333.6 
Cultivation 2.8 b 1.54 b 0.162 bc 6.6 12.8 0.17 41.5 c 1900.4 346.3 




Table 8a.  Biological soil quality indicators from four weed management treatments in a 

















zMeans of four replications. 





Table 8b.  Biological soil quality indicators from four weed management treatments in a 















zMeans of four replications and three years. 
yLeast significant difference @ P < 0.05; Values with the same letter are not different from each other.  
 2004 2006 
Treatment 
Microbial biomass carbon 
µg C·g-1 
Microbial biomass carbon 
µg C·g-1 
Living mulch 535.7z a 428.2 a 
Straw mulch 271.4 b 327.0 ab 
Herbicide 271.5 b 324.9 bc 
Cultivation 252.5 b 397.8 ab 




Living mulch 16 b 
Straw mulch 25 a 
Herbicide 13 b 






Table 9.  Nutrient analysis of petioles of grapevines grown under four weed management treatments in a vineyard, 2004-2006. 
 
zMeans of four replications and three years. 







Treatment N NO3 P K Ca Mg S Na 
 
Zn Mn Fe Cu B Al 
Living 
mulch 1.00
z b 0.02 b 0.28 0.77 bc 1.67 1.20 0.12 0.01 102.6 37.7 48.2 8.92 39.5 15.8 
Straw mulch 1.08 a 0.03 ab 0.29 1.14 a 1.65 1.08 0.11 0.01 88.2 38.7 34.6 8.83 37.3 15.7 
Herbicide 1.14 a 0.04 a 0.30 0.93 ab 1.66 1.09 0.11 0.01 86.9 36.7 67.9 9.58 36.8 15.3 
Cultivation 0.96 b 0.02 b 0.32 0.62 c 1.66 1.28 0.11 0.01 97.8 36.9 48.1 9.33 39.7 15.9 




Table 10.  Grape yield variables and dormant pruning weight as affected by four weed management treatments, 2004-2007. 
 
z Average weight calculated from a 100 berry sample. 
yPercentage soluble solids concentration.  
xMeans of four replications and four years.  



























Living mulch 2.1x ab 47 ab 42.4 1.04 3.2 b 1.01 19.9 0.37 b 
Straw mulch 2.5 a 57 a 43.8 0.95 3.4 a 0.91 19.9 0.50 a 
Herbicide 2.6 a 57 a 45.9 0.99 3.3 ab 0.92 20.1 0.55 a 
Cultivation 1.6 b 41 b 41.5 0.96 3.2 b 0.95 20.0 0.26 c 




CHAPTER 4.  EVALUATION OF ON-FARM SOIL QUALITY TESTS KITS FOR 
GROWER USE IN STRAWBERRY PRODUCTION 
 
A paper to be submitted to HortTechnology 
 






The profitability of strawberry production is dependent in large part on the condition, 
or quality, of the soil.  Soils with poor physical structure, chemical properties, or biological 
activity require more cultivation, fertilizers, and other inputs to maintain economic viability.  
In general, cultivation of the soil for crop production degrades the soil.  It is therefore 
essential for growers to monitor the productive capacity of their soil.  Since the concept of 
‘soil quality’ is a relatively recent development, a survey of Iowa berry fruit growers was 
conducted to coincide with soil quality field research and outreach projects.  A short 
questionnaire was mailed to participants to gauge their awareness of soil quality before the 
study began and after it was completed.  The use of a soil quality test kit at two Iowa fruit 
farms shows that grower attitudes toward the usefulness of the kit can be enhanced by having 
growers using the kit in their fields and seeing its effectiveness for themselves.  The kits were 
effective at measuring changes in soil quality indicators based on differences in crop 
management, time of year, and climactic conditions.  Using the kits enhanced the growers’ 
attitude toward using soil kits by quantifying upward and downward trends in soil quality 
based on soil management decisions made by the growers over the course of a year.  
Cooperating strawberry growers felt that the information provided by the soil quality test kit 
was useful, but they were uncomfortable taking and interpreting the measurements 
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themselves, suggesting that the kit would be used effectively by persons with more expertise 
in the area of soil quality, such as extension personnel or qualified crop consultants. 
 
Introduction 
The profitability of strawberry production is dependent in large part on the condition, 
or quality, of the soil.  Soils with poor physical structure, chemical properties, or biological 
activity require more cultivation, fertilizers, and other inputs to maintain economic viability.  
In general, cultivation of the soil for crop production degrades the soil.  It is therefore 
essential for growers to monitor the productive capacity of their soil.  Since the concept of 
‘soil quality’ is a relatively recent development, a survey of Iowa berry fruit growers was 
conducted to coincide with soil quality field research and outreach projects.  A short 
questionnaire was mailed to participants to gauge their awareness of soil quality before the 
study began and after it was completed. 
Physical and chemical analyses of field soil have proven useful for monitoring 
nutrient status in strawberry production.  However, these analyses can be improved by 
measuring biological properties in addition to physical and chemical properties.  Biological 
indicators in soil are very sensitive to changes in their environment and can be an early 
indicator of soil quality changes (Rice et al., 1996).  Thus biological properties such as soil 
respiration and microbial carbon and nitrogen have the potential to be good indicators of soil 
quality (Kennedy and Papendick, 1995).  In order to bring the soil quality concept to a wider 
audience the USDA-ARS developed the Soil Quality Test Kit to be used as an assessment 
tool for managing land in a sustainable way while maintaining profitability (Andrews et al., 
2002; Ditzler and Tugel, 2002; Wander et al., 2002).  The kit was designed to be used by 
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USDA personnel and landowners and incorporates biological indicators of soil quality in the 
soil quality analysis. 
Objectives 
This project was initiated to familiarize Iowa fruit growers with a method to improve 
their ability to monitor soil quality changes.  The objectives for the research trial were 1) 
assist two commercial strawberry growers in the use of a soil quality test kit on their farm, 
collect and interpret soil quality data from growers’ fields, and obtain their perspective on its 
usefulness, 2) present state and regional fruit growers with information and research results 
about soil quality testing, and, 3) conduct soil quality interest survey of Iowa small fruit 
growers. 
 
Materials and Methods 
The trial was conducted at the farms of two Iowa strawberry growers, one in central 
Iowa and one in western Iowa.  The soil quality tests were conducted in established 
commercial crop fields chosen by each grower. All fields were under conventional 
production practices, including herbicide and synthetic fertilizer applications.  Soil quality 
data were collected from two fields at each farm and consisted of three sub-samples per site.  
The sites chosen by each grower were located on Clarion loam soil.  Samples were collected 
from in-row locations.  Iowa State University personnel assisted growers with data 
collection.  The following data were collected according to procedures described in the Soil 
Quality Test Kit Guide (USDA, 1999): soil respiration, initial water infiltration, bulk density, 
electrical conductivity, pH, earthworm count, and soil physical observations.  Data were 
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collected in Aug. and Oct.-Nov. of 2004 and 2005 and variables of soil measurements 
collected are included in Tables 1, 2, and 3.   
Over the course of two years (2004, 2005), each grower was visited on four 
occasions.  Each grower chose the fields where the tests were to be conducted and were 
instructed on the use of the soil quality test kit and interpretation of results.  Each grower was 
assisted by Iowa State University personnel in the collection of field data. In order to show 
how the soil quality test kit could be used to measure changes in soil over time the test kit 
was used to collect data at the same field site in the fall of 2004 and again after one year.  In 
2005, to show how the soil quality test kit could be used to compare soils from two different 
fields at the same time of year data were collected from two different field sites on the same 
day.   
In order to measure initial grower interest in the soil quality concept a questionnaire 
was mailed in March 2005 to all members of the Iowa Fruit and Vegetable Grower’s 
Association who indicated they grow berry crops (The Iowa State University, Institutional 
Review Board provided approval of the survey project.).  Of the 113 deliverable surveys that 
were mailed 29 were completed and returned for a 26 % return rate.  The postcard-sized 
survey contained 12 short questions designed to assess the current level of awareness and 
interest in soil quality and the soil quality test kit among Iowa berry growers.  The survey 
also included questions about grower soil management practices.   
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Growers were instructed to circle Yes, No, or Don’t Know for the following questions: 
  Don’t 
   Yes  No Know 
1.   Have you heard the term “Soil Quality”?  Y N DK 
 
2.   Have you heard the term “Soil Quality Test Kit”?  Y N DK 
 
3.   Have you heard of the USDA Soil Quality Institute?  Y N DK 
 
4.   Do you believe that soil erosion ever reduced your berry crop yield? Y N DK 
 
5.   Do you believe that soil compaction ever reduced your berry crop yield? Y N DK 
 
6.   Would you say that you have healthy soil in most berry crop fields? Y N DK 
 
7.   Do you consider the health of your soil when making berry crop    
management decisions, e.g., tillage practices, type of fertilizer used? Y N DK 
 
8.   Do you add compost, manure, or other organic materials to your fields? Y N DK 
 
9.   Do you believe that organisms in the soil are important for berry yield? Y N DK 
 
10. Do you believe that your fields are producing at their maximum yield? Y N DK 
 
11. Do you believe that berry crop yields could be improved by monitoring the  
 soil’s health with a field test kit?  Y N DK 
 
12. Do you believe that berry growers would be interested in learning about 
    a soil quality test kit that would help monitor the health of their soil? Y N DK 
 
 
A second, final survey was mailed to growers in April 2006 to assess changes in 
grower awareness of the soil quality concept and the soil quality test kit.  The second survey 
was identical to the initial survey used in 2005.   
 
Results 
The first objective was to assist two commercial strawberry growers in the use of a 
soil quality test kit on their farm, collect and interpret soil quality data from growers’ fields 
(Tables 1, 2, and 3), and obtain their perspective on its usefulness.  After working with the 
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soil quality test kit for one year, the grower cooperators saw the benefits of using such a test 
kit on their farm.  The cooperators stated to the C. Dilley that other growers might need to 
see a direct economic benefit from using the kit before it would be adopted. Although the kit 
was designed to use relatively simple and low-technology methods for taking measurements, 
the user must learn the correct practices to collect samples.  Also, the growers mentioned that 
they did not feel they had the technical background to accurately interpret the results.  These 
observations indicate that the growers believe that the soil quality test kit is a welcome and 
useful tool, but that some growers would rather have the tests interpreted by someone with 
more expertise.  If growers were to interpret the results, more training would be necessary. 
The second objective was to present state and regional fruit growers with information 
and research results about soil quality testing.  During the period from July 2004 through 
Aug. 2006, 14 presentations were given to fruit and vegetable growers that included 
information about the soil quality concept, research results from our trials with growers, and 
demonstrations in the use of the soil quality test kit.  Presentations were given in Iowa, 
Missouri, Nevada, and Wisconsin with attendance at these meetings totaling approximately 
3,180.  Eight publications featuring the soil quality research or survey data and work with the 
soil quality test kit were published in outreach publications, such as grower newsletters and 
progress reports.  Most of the reports were available online to Iowa growers through Iowa 
State University websites, in particular the college of Agriculture and Life Sciences, 
Research and Demonstration Farms (http://www.ag.iastate.edu/farms/index.php). 
The third objective was to conduct a soil quality interest survey of Iowa small fruit 
growers.  The results of the initial survey (2005) revealed that although 69 % of these Iowa 
small fruit growers had heard the term ‘Soil Quality,’ 66 % had not heard of the soil quality 
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test kit and 86 % had not heard of the USDA Soil Quality Institute (Table 4).  Most of the 
growers believed that they have healthy soils, considered the health of their soil when 
making crop management decisions, and about one-half added compost, manure, or other 
organic materials to their fields.  Most were aware of the importance of soil microorganisms 
to crop yield (88 %), and also were open to the idea of monitoring the quality of their soil 
with a soil quality test kit.  Overall, the initial survey of 2005 showed that these Iowa berry 
growers were somewhat aware of the impact that their production practices were having on 
the quality of their soil, but were not aware that they could monitor the quality of their soil 
with a test kit.  These growers also showed interest in learning how the soil quality test kit 
could be used to help improve their crop yields.   
A second, final survey was mailed in 2006 and thirty percent of the questionnaires 
were returned representing an increase of fifteen percent compared with the number of 
responses returned in 2005 (Table 4).  Twenty-one growers who did not return questionnaires 
in 2005 returned questionnaires in 2006.  In order to assess changes in grower awareness of 
soil quality issues over time it was necessary to compare responses only from growers who 
returned questionnaires in both 2005 and 2006.  Forty-five percent of growers that returned 
questionnaires in 2005 returned questionnaires in 2006.  The forty-five percent of the first-
year respondents who returned a survey again in the second year equates to a response rate of 
12 % from all 113 growers who received questionnaires in 2005 and 2006.  Therefore, the 
following percentages relate to the 13 growers that returned questionnaires in both years.   
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1.   Have you heard the term “Soil Quality”? 
All growers claimed to have heard the term ‘soil quality’ in 2006, which represents an 8.3 % 
increase compared to 2005.   
2.   Have you heard the term “Soil Quality Test Kit”? 
Sixty-two percent of growers were familiar with the term ‘Soil Quality Test Kit’ in 2006.  
This represents a 100 % increase compared with 2005. 
3.   Have you heard of the USDA Soil Quality Institute? 
In 2005, one grower had heard of the USDA Soil Quality Institute and in 2006 three growers 
reported that they had heard of the USDA Soil Quality Institute (200 % increase). 
4.   Do you believe that soil erosion ever reduced your berry crop yield? 
Eighty-five percent of growers reported that they believed that soil erosion had not ever 
reduced their berry crop yield.  The number was the same as in 2005. 
5.   Do you believe that soil compaction ever reduced your berry crop yield? 
In 2006, 46 % of growers reported they believed soil compaction had ever decreased berry 
crop yield compared to 54 % in 2005.  This reflects the uncertainty of growers about this 
issue as seven changed their position from 2005 including a 50 % increase in the number of 
growers that answered ‘Don’t Know’ in 2006. 
6.   Would you say that you have healthy soil in most berry crop fields? 
Seventy-seven percent of growers in both 2005 and 2006 believe that they have healthy soil 
in their berry crop fields although two growers changed their reply to ‘Don’t Know’ in 2006, 




7.   Do you consider the health of your soil when making berry crop management 
decisions, e.g., tillage practices, type of fertilizer used? 
Compared with 2005, in 2006, there was a 200 % increase in the number of growers who 
claimed that they do not consider the health of your soil when making berry crop 
management decisions. 
8.   Do you add compost, manure, or other organic materials to your fields? 
There was no change in the percent of growers that claim to add compost, manure, or other 
organic materials to their fields. Sixty-two percent of growers replied yes to this question in 
both years.   
9.   Do you believe that organisms in the soil are important for berry yield? 
Compared to 2005, in 2006 there was a decrease of 9.1 % growers who believed that soil 
organisms in the soil are important for berry yield and there was a 100 % decrease in the 
number of growers who believed that organisms in the soil are important for berry yield.  
However, there was a 100 % increase in the number of growers who replied ‘Don’t Know’ in 
2006 which may reflect an increase in uncertainty about the role of microorganisms to crop 
yield. 
10.  Do you believe that your fields are producing at their maximum yield? 
Compared to 2005, in 2006 there was a 100 % decrease in the number of growers who 
believed that their fields were producing at their maximum yield as well as a 100 % increase 
in the number of growers who answered ‘Don’t Know.’  This may reflect a belief by growers 
that there is potential to improve their crop yields through improved management, but there 
is uncertainty about what those techniques are.  These results suggest that these growers are 
open to new ideas, such as soil quality monitoring. 
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11. Do you believe that berry crop yields could be improved by monitoring the soil’s 
health with a field test kit?  
There was no change in the percentage of growers who believed that berry crop yields could 
be improved by monitoring the soil’s health with a field test kit (69 %).   
12. Do you believe that berry growers would be interested in learning about a soil 
quality test kit that would help monitor the health of their soil? 
One grower changed their answer from ‘Yes’ to ‘Don’t Know’ in 2006 which resulted in an 8 
% decrease in the percentage of growers who believe that berry growers would be interested 
in learning about a soil quality test kit that would help monitor the health of their soil.   
 
Discussion 
The cooperating growers indicated that their knowledge and awareness of soil quality 
increased and that by learning how to conduct soil quality tests, even if they do not conduct 
the tests themselves, they are more likely to make informed decisions about soil management 
practices. It is likely that some growers who became interested in soil quality through 
exposure to our project, or other sources, will test some of the ideas for themselves. If these 
growers adopt all or some of the soil quality techniques and the techniques prove to be 
profitable, not only will the grower benefit, but society will benefit through improved soil, 
water, and air quality.   
The results of the survey confirm the idea that some small fruit growers are interested 
in soil quality and the information provided by the soil quality test kit, especially in regard to 
improving yield.  However, our demonstrations with actual growers suggest that the average 
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grower is likely to believe the soil quality test kit requires knowledge and skills they perceive 
themselves not to have. 
Although the two strawberry growers participating in the study indicated that they 
appreciated the information provided by the kit, they commented that they were hindered 
from using the kit by a lack of expertise.  The growers were encouraged to use the kit at any 
time for their own purposes and one of the two growers did so; he used the pH and EC 
meters provided with the kit.  The use of the pH and EC meters by the grower instead of the 
other more complicated measurements may indicate that growers are more interested in soil 
quality measurements that are quick and require little interpretation.  It appears logical that if 
many of the tests in the kit could be replaced by quickly read meters, such as a CO2 meter, 
the growers would be more inclined to use them.  However, not all of the tests can be 
replaced with meters, so a challenge will remain to motivate growers to take all 
measurements in the soil quality test kit. 
The results indicate that additional study is needed to better understand the hurdles 
that exist to deter fruit growers from using a soil quality monitoring strategy such as the soil 
quality test kit.  Once those hurdles have been identified, methods can be tested that will 
increase the likelihood of fruit growers adopting such kits or using other techniques to 
monitor their soil quality. 
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Central 11/6/04 10/28/05 11/6/04 10/28/05 11/6/04 10/28/05 11/6/04 10/28/05 11/6/04 10/28/05 
South 1.26z 1.33 0.20 0.21 38.9 42.0 108.5  204.7 13.74 10.03 
Middle 1.40 1.31 0.16 0.31 34.5 60.8 88.4 73.3 14.06 15.13 
Northy 1.33 1.13 0.13 0.24 26.8 42.6 98.8  168.0   2.50 40.91 
zData presented are not means, each value represents a single measurement. 





Table 2.  Soil property measurements collected using a Soil Quality Test Kit at west-central Iowa strawberry farm in Nov. 2004 
and Oct. 2005.  
Farm site 










W-central 11/6/04 10/28/05 11/6/04 10/28/05 11/6/04 10/28/05 11/6/04 10/28/05 11/6/04 10/28/05 
East 1.45z 1.33 0.38 0.21 83.0 41.2 133.0 25.1 81.8   19.8 
Middle 1.21 1.09 0.29 0.15 53.3 25.3 121.8 42.1 47.4     5.6 
West 1.09 1.18 0.30 0.15 50.8 26.4 87.1 30.5 76.6 144.0 






Table 3.  Soil property measurements collected using a Soil Quality Test Kit at central Iowa and west-central Iowa strawberry 








Soil Respiration       
lbs CO2-C·acre·d 
Initial infiltration rate 
(in·hr-1) 
Central Site A Site B Site A Site B Site A Site B Site A Site B Site A Site B 
South 0.76z 1.21 0.28 0.23 39.2 43.0 160.0 178.9 171.4 29.3 
Middle 1.11 1.22 0.26 0.29 44.1 53.5 76.4 149.4   26.9 25.2 
North y 1.01 1.11 0.31 0.17 50.4 29.9 95.7 120.2   18.5 46.2 
           
8/19/05           
W-central  Site A Site B Site A Site B Site A Site B Site A Site B Site A Site B 
East 1.06 1.16 0.18 0.22 30.3 40.0 21.0 11.2 171.4 27.7 
Middle 1.15 1.23 0.17 0.20 30.5 37.0 16.2 10.4   59.0 17.5 
West 1.36 1.01 0.27 0.18 55.2 28.7 53.2 15.3   27.5 33.0 
zData presented are not means, each value represents a single measurement. 






Table 4.  Soil quality interest survey showing questions and responses (%) of growers who completed the questionnaire in both 
2005 and 2006 (13 individuals). 
 
 2005 2006 
 Yes No 
Don't 
Know Blank z Total Yes No 
Don't 
Know Total 
1.   Have you heard the term “Soil Quality”? 92.3 y 7.7 0 0 100 100 0 0 100 
2.   Have you heard the term “Soil Quality Test Kit”? 30.8 69.2 0 0 100 61.5 38.5 0 100 
3.   Have you heard of the USDA Soil Quality Institute? 7.7 84.6 7.7 0 100 23.1 69.2 7.7 100 
4.   Do you believe that soil erosion ever reduced your berry crop yield? 15.4 84.6 0 0 100 15.4 84.6 0 100 
5.   Do you believe that soil compaction ever reduced your berry crop yield? 53.8 30.8 15.4 0 100 46.2 30.8 23.0 100 
6.   Would you say that you have healthy soil in most berry crop fields? 76.9 7.7 15.4 0 100 76.9 7.7 7.7 92.3 
7.   Do you consider the health of your soil when making berry crop  92.3 7.7 0 0 100 76.9 23.1 0 100 
management decisions, e.g., tillage practices, type of fertilizer used?          
8.   Do you add compost, manure, or other organic materials to your fields? 61.5 30.8 0 7.7 100 61.5 38.5 0 100 
9.   Do you believe that organisms in the soil are important for berry yield? 84.6 7.7 7.7 0 100 76.9 0 15.4 92.3 
10. Do you believe that your fields are producing at their maximum yield? 23.1 61.5 15.4 0 100 0 69.2 30.8 100 
11. Do you believe that berry crop yields could be improved by monitoring 
          the soil’s health with a field test kit? 69.2 0 30.8 0 100 69.2 0 30.8 100 
12. Do you believe that berry growers would be interested in learning about 
         a soil quality test kit that would help monitor the health of their soil? 92.3 0 7.7 0 100 84.6 0 15.4 100 
          
 
z Blank indicates % of growers not answering the question. 
y Percent of respondents. 
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CHAPTER 5.  GENERAL CONCLUSIONS 
General Discussion 
Soil is a renewable natural resource in the sense that soil-forming processes occur 
naturally and continuously all over the earth.  However, natural soil-forming processes take 
much longer amounts of time to build soil than the time required to reduce the agricultural 
usefulness of a soil due to soil-degrading processes, such as conventional soil tillage.  The 
importance of soil conservation for the production of food and fiber is recognized by the 
funding that many government agencies receive to study and promote soil conservation for 
our nation. 
Alternative weed management techniques for small fruit crops are needed because 
fewer herbicides are available to growers of these crops, many growers rely on weed 
management strategies that do not use only on herbicides, there is an increasing demand for 
non-conventional weed management techniques from growers who produce their crops to 
meet organic certifications, and alternative weed management techniques are needed 
wherever crops are grown on highly erodible land.  Additionally, once alternative weed 
management techniques have been developed, in order to be useful the new techniques must 
be disseminated to those who can make use of them.  By studying fruit grower interest and 
awareness of new techniques in weed and soil management we can learn how best to 
effectively communicate new ideas to this and related audiences in the future. 
This research project was conducted for the following three primary reasons, 1) to 
develop alternative weed management strategies for strawberry and grape production, 2) to 
investigate the effect of alternative and conventional weed management techniques on soil 
quality, and 3) to investigate the level of interest in soil quality among Iowa strawberry 
growers.  The following four research hypotheses derive from the primary reasons for 
conducting the study, A) alternative weed management techniques will provide acceptable 
weed control, B) alternative weed management techniques will provide conditions for 
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acceptable crop yield, C) alternative weed management techniques will maintain or enhance 
soil quality properties when compared with conventional techniques, and D) exposing Iowa 
small fruit growers to information about soil quality will raise awareness about soil quality 
management among Iowa fruit growers. 
In order to test our hypotheses about alternative weed management techniques two 
experiments and one on-farm, grower field trial and survey were conducted.  The two 
experiments were designed to measure the effects of two alternative and two conventional 
weed management strategies on weed growth, crop growth and yield, and on specific 
physical, chemical, and biological properties of soil.  The on-farm, field trial was designed to 
monitor the interest and awareness of Iowa small fruit growers by assisting volunteer 
growers with the use a soil quality test kit.  Interest and awareness of soil quality was also 
monitored by demonstrating the soil quality test kit at field days, presenting information 
about the research trial at regional conferences, and by conducting two mail-in questionnaires 
with the small fruit grower members of the Iowa Fruit and Vegetable Grower’s Association. 
The overall objective of this research project was to investigate alternative weed 
management strategies to be used in strawberry or grape production that would maintain 
satisfactory yields while reducing the negative impacts of crop cultivation and management 
on soil.  The two cropping systems chosen for this study contrast in important ways.  For 
example, Junebearing strawberries are a shallow-rooted, semi-perennial crop that receive 
both tillage and the incorporation of large amounts of organic matter into the soil each 
season.  Junebearing strawberry fields may remain in production an average of three to nine 
years, and due to their shallow root system, the plants do not compete well with weeds for 
resources such as light, water, nutrients, and space.  Grapevines, on the other hand, are a 
deep-rooted perennial crop that may remain productive for one hundred years or more.  
Grapevines may not receive tillage, or if so, do not typically receive tillage of several inches, 
as is the case with the renovation of Junebearing strawberries.  Grapevines are trained on a 
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trellis so that leaves are positioned well to intercept sunlight and their deep roots help 
established vines to successfully compete with many weeds. 
Strawberry Experiment   
Treatments for the Junebearing strawberry experiment were chosen based on their 
previous use as conventional techniques (herbicide-based or pre-plant fumigation with 
methyl bromide + herbicides) and based on their practicality for use in low-input or 
organically certified crop management systems (killed mulch pre-plant with living mulch or 
straw mulch).  The herbicide-based treatment was chosen because most Iowa small fruit 
growers follow this strategy.  Growers rarely use methyl bromide soil fumigation for small 
fruit production in Iowa and in those cases it would likely be used to alleviate another crop 
production problem such as soil diseases or other pests.  In order to observe the effects of 
weed management strategies on sterilized soil from the pre-plant fumigation in comparison 
with non-sterilized soil, this treatment was chosen.  The soil was fumigated three-weeks 
before the field was planted to Junebearing strawberries.  Once the pre-plant fumigation was 
completed those treatment plots were treated the same as the herbicide-based treatment. 
We chose to use a pre-plant killed mulch and living mulch treatments because 
research has been conducted in this area with various vegetable and small fruit crops with 
encouraging results.  In our system, the strawberries were planted in a no-till manner, unlike 
all other treatments.  Instead of planting the strawberries into tilled soil, which provides 
optimal conditions for weed germination and growth, our treatment consisted of planting a 
cover crop of  hairy vetch and annual ryegrass the previous September (2003).  In May 2004 
the cover crop, which had overwintered and grown approximately 1.3 m tall, was killed by 
using a stalk-chopper to knock down and kill the cover crop by crimping the plants instead of 
cutting it into small pieces.  By killing the cover crop with the crimping technique the cover 
crop biomass remains on the surface of the soil for a longer period of time and acts as a 
weed-inhibiting mulch.  Instead of tilling strips through the killed-cover crop in which to 
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plant the strawberry crowns, we planted the crowns directly into the ground, being careful to 
disturb the soil and surface mulch as little as possible.  Tilling a strip through the killed-cover 
crop often leads to a rapid infestation of weeds in the tilled area next to the newly planted 
strawberry crown.  In September of the establishment year (2004) the inter-row areas were 
surface tilled and seeded with ryegrass to serve as an overwintering mulch to be killed the 
following spring with a roller.   
At renovation after the first bearing year (2005), a fast-growing living mulch of 
sorghum-sudangrass was planted to shade weeds.  Also, by adding surface and root biomass 
to the soil the addition of the sorghum-sudangrass served as a potential technique for 
enhancing soil quality.  The sorghum was allowed to grow up to a height of 76 cm before 
being cut to a height of 12 cm and allowed to re-grow.  The sorghum was cut twice before 
frost in 2005 and 2006 growing seasons. 
Controlling weed growth in the establishment season of the strawberry planting is 
critical toward the development of a vigorous, full stand of matted-row strawberries.  In most 
cases the soil is bare after planting and preemergent herbicides are used to control weeds in 
most conventional strawberry production systems.  In order to investigate a non-chemical 
alternative to initial season weed control oat straw was applied to a depth of 5 cm to inhibit 
weed growth in the inter-row area and in the planting row being careful not to cover newly 
planted crowns.  When runner formation began in July, straw was repositioned 15 cm away 
from the plants on each side of the row to provide a soil surface amenable to runner 
establishment.  A mixture of corn gluten meal (90 %) and composted hog manure (10 %) was 
used because in addition to being 10 % nitrogen, corn gluten meal  has the potential to 
provide some weed control benefits.  Straw was added to the inter-row area of the treatment 
plots after renovation and was repositioned at the time of runner formation in 2005 and 2006.  




Based on the initial hypotheses, after collecting data on the strawberry experiment the 
following results were found. 
The alternative weed management techniques provided acceptable weed control 
compared to the conventional techniques in the Junebearing strawberry field for the first 
three years after planting.  However, weed presence was beginning to increase in the 
alternative management treatments by the end of the experiment and there was no effective 
control for perennial weeds that became established in the straw mulch plot.  Weed control in 
the killed mulch/living mulch depended on the stand of cover crop or living mulch that 
established, which varied. 
The alternative weed management techniques provided conditions for acceptable crop 
yield.  Although the fumigation + herbicide treatment had the highest yield in the first two 
harvest seasons, by the third harvest season (2007) there were no differences in yield among 
all treatments.  Therefore, according to the study, all four weed management treatments were 
equally effective at producing strawberry yield by the third harvest season.  If a grower 
chooses to grow crops in an organically approved way or to keep a field in production longer 
than three years these alternative techniques may be of use. 
In general, alternative weed management techniques maintained but did not improve 
soil quality properties when compared with conventional techniques.  Some damage caused 
by conventional strawberry production is offset by other aspects of conventional 
management that add organic matter, such as the annual addition of straw for winter 
protection and the incorporation of the straw during renovation. 
Grape Experiment 
The treatments for the vineyard weed management experiment were chosen based on 
their acceptance as conventional practices already in use or based on alternative weed 
management strategies that appear to have potential for practical use in vineyards.  The 
herbicide treatment was chosen because herbicide-based weed management is the standard 
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against which alternative practices are normally compared.  The study took place in a 
vineyard that was established in 1985 and which has followed a continuous herbicide 
management strategy.   
Increasing numbers of grape growers in Iowa are expressing interest in producing 
organically certified grapes.  This has led many grape growers to choose cultivation of the 
soil in place of chemical herbicides as their primary form of weed management.  We chose to 
include this treatment because we are interested in the effects of continual tillage on vineyard 
soil.   
The straw mulch treatment was selected because when applied in a thick layer, straw 
mulch blocks out most sunlight while remaining permeable to water.  In addition, straw 
mulch has potential to enhance soil quality properties; it protects the soil surface from the 
damaging impacts of rain drops that fall unimpeded on bare soil surfaces such as those found 
in herbicide and cultivation-based weed management regimes.  Also, mulch placed on the 
soil surface can reduce both water and wind erosion of soil.   
Another type of mulch that was chosen to be used as an alternative weed management 
treatment was a living mulch of creeping red fescue.  Ideally, a living mulch will out-
compete weed species but will not exert a damaging amount of competition on the crop plant.  
We chose creeping red fescue as a living mulch because it is a shade tolerant, shallow rooted 
plant.  The fescue grows to a height of approximately 0.4 m and then falls over to form a 
thick mat that inhibits light from reaching the soil surface.   
Based on the initial hypotheses, after collecting data for the vineyard experiment 
following results were found.  
The alternative weed management techniques provided comparable or improved 
weed control compared to the conventional techniques.  Very few weeds developed in these 
treatment plots over the course of the experiment.  The oat straw mulch applied in 2004 was 
resilient and was replaced in 2006 and 2007 only.  A perennial weed, Solanum carolinense 
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was one of the few weeds that were found in the straw and living mulch treatment.  The 
creeping red fescue mulch was a low-cost and low-labor weed management system.  After 
seeding and establishment in fall 2003 the living mulch was not mown or managed in any 
way except that once per season the fescue that had fallen against the grapevine trunk was 
pulled away to avoid creating conditions conducive to the development of disease.   
Rodent paths and holes had become more apparent by the fourth experiment season 
(2007), but no damage has been observed on the grapevine trunks.  This is an aspect of this 
system that requires further research to monitor for possible negative effects on grapevine 
vigor due to root damage by rodents.  Rhizomatous grass weed species appeared in one 
experimental replication, possibly carried in by birds, that has the potential to become 
particularly troublesome if it becomes established in the grass living mulch. 
The alternative weed management techniques provided conditions for acceptable crop 
yield.  Most grapevine yield and quality variables in the alternative weed management 
systems were similar when compared with the herbicide treatment.  The cultivation treatment 
appeared to have the most negative effects on yield and vine vigor as indicated by dormant 
pruning weights.  This may have been due to the periodic disruption of the surface soil in 
those treatment plots that inhibited the establishment of permanent surface roots of the 
grapevine and which also damaged larger roots located near the grapevine trunk.  Grapevine 
dormant pruning weight was lower in the living mulch treatment, which may be the result of 
competition between the surface roots of the grapevine and the shallow roots of the living 
mulch and so, requires further research. 
Alternative weed management techniques improved soil quality properties when 
compared with the conventional herbicide weed management system.  Values for physical, 
chemical, and biological properties of soil quality were consistently enhanced in the 
alternative weed management systems compared with the herbicide system.  Enhancement of 
soil quality can occur with increases in soil porosity (to facilitate water and gas exchange in 
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the soil) and organic matter (provides a more stable substrate for microorganisms, which 
facilitate efficient nutrient cycling of plant available nutrients).  Related differences in bulk 
density, infiltration, microbial biomass carbon, and total organic carbon and nitrogen 
confirmed these trends.  The differences may be due to the combination of crusting that 
occurs on bare soils and the lack of organic matter that is incorporated into the conventional 
herbicide system.  Since weeds are not allowed to grow and develop root systems, little 
surface or subsurface biomass is added to the herbicide treatment plots. 
On-farm Soil Quality Test Kits 
In order to monitor the level of awareness and interest in soil quality issues among 
Iowa small fruit growers, we conducted on-farm field trials with the soil quality test kit, 
delivered presentations on our soil quality research, set up informational displays at grower 
conferences, provided demonstrations at field days, and published research reports. 
 We found that exposing Iowa small fruit growers to information about soil quality will 
raise awareness about soil quality management among Iowa fruit growers.  This appears to 
be an accurate assessment of the project based on the positive feedback we have received at 
conferences, field days, and other public events.  Growers were often interested in knowing 
more about the soil quality test kit and about soil quality in general. 
A pre and post-study mail-in questionnaire to gauge grower awareness and interest in 
soil quality was conducted with Iowa fruit growers.  Based on the responses, many growers 
are open to the idea of managing their soils using alternative methods if economic benefits 
can be gained from such methods.  Fruit growers manage soil with a long-term perspective 
since their crops are perennials.  In this view, if a grower is producing a perennial crop such 
as Junebearing strawberries, a link must be made between the longevity of a field of 
strawberries and the cost of starting a new planting.  If we accept that the management costs 
required to maintain a field of Junebearing strawberries is lower than the cost of starting a 
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new planting, the grower will see the advantage of maintaining their plantings as long as the 
crop yield maintains a profitable level. 
Once the link between planting longevity and planting costs has been established, the 
next step is to connect the idea of soil conservation with planting longevity.  At this point a 
question naturally arises, ‘How is planting longevity increased through soil conservation?’  
One possible answer to this question is that planting longevity can be increased by 
monitoring the condition of the soil in the planting field on a regular basis so that negative 
trends in soil condition can be observed and corrected in a timely manner.  By monitoring 
their soil with a soil quality test kit, growers will have more information about their soil 
which can be used to make soil/crop management decisions that affect the overall profit of 
the operation. 
After working with small fruit growers in Iowa for the past two years I have come to 
the conclusion that once a grower learns about a new management technique they may 
consider it, but may not act on it.  Also, experience with growers who have used the soil 
quality test kit has left me with the impression that the vast majority of growers will not 
choose to use a soil quality test kit.  Although they understand the logic of the soil quality 
concept and can see the usefulness of the soil quality test kit, growers tend to see the kit as 
being too complicated and time consuming.  In order to use the kit effectively, a person needs 
to be trained in the techniques, be familiar with basic concepts of soil management and 
experimental procedures, and will need to expend time and effort learning how to obtain 
valid results.  I was given the impression that growers would rather pay a crop consultant to 
do the tests rather than purchase one and learn how to use it on their own. 
Overall Summary 
Published results from these experiments were the first reports of research in 
strawberry and grape production that investigate biological soil properties as indicators of 
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soil quality.  The general public will also benefit from this research through the clean water 
and air that is produced by the resulting improvements in soil management.  
More specifically, the results of these experiments documented the effects of different 
weed management techniques on physical, chemical, and biological properties of soil in 
strawberry and vineyard agroecosystems.  Fruit growers benefited from being informed about 
soil quality by being able to notice changes in their soil condition more quickly than can be 
done now.  Earlier warning of soil degradation will result in a quicker response and thus, less 
overall impact on their soil.  
Taken together, the results of these three experiments increase the general knowledge 
of sustainable weed and soil management of fruit crops.  Fruit growers have increased 
awareness of how their farm management decisions directly affect the quality of their soil 
and how their decisions indirectly affect the water and air shared by their community. 
Horticultural researchers, teachers and extension specialists, weed and soil scientists, 
farmers, and the general public can all benefit from these findings. 
 
Recommendations for Future Research 
Based on what I have found in my research and on trends I have observed in society, I 
recommend future research that continues to explore alternative cropping systems that reduce 
the negative impact of agriculture on soil.  Soil quality research can be expanded from small 
fruit crops into the many diverse specialty areas of horticulture.  The concept of sustainability 
is becoming more widely accepted by society and as overall societal interest in sustainability 
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Appendix Table 1a.  Percentage weed coverage, number of dicot and monocot weeds, and 
total weed shoot dry biomass weight from four weed management treatments in a 
Junebearing strawberry experiment, 2004.  
 
Percentage 
weed coveragez Weed no. z 
Total weed 
biomassz (g) 





Herbicide  25.0y 1.3 6.4 0.1 2.3 
Fumigation + 
Herbicide 36.8 0.8 6.0 0.0 0.6 
Living mulch 23.3 5.0 6.5 0.9 4.1 
Straw mulch 29.0 6.9 11.5 3.8 4.8 
LSDx NS NS NS NS NS 
 
zMeans obtained from the avg. of three, 0.25 m2 quadrats per plot. 
yMeans of four replications. 







Appendix Table 1b.  Percentage weed coverage, weed shoot dry weight, and number of dicot and monocot weeds from four weed 





Weed shoot  
dry wt. z (g)  Weed no. z  
Total weed 
biomassz (g) 
















monocot May Aug. 
Herbicide  5.2y 1.0 14.6 2.3 0.5 0.0 4.2 9.5 1.2 0.1 11.8 0.5 
Fumigation + 
Herbicide 0.3 0.2 0.0 0.0 0.1 0.0 0.5 0.1 0.3 0.0 0.1 0.1 
Living mulch 11.8 2.3 18.2 5.5 1.5 0.1 5.3 12.8 2.9 0.8 18.3 1.6 
Straw mulch 1.5 3.8 3.2 3.0 4.9 0.6 2.8 0.3 3.0 3.8 3.3 5.4 
LSDx NS NS NS NS NS NS NS NS NS NS NS NS 
 
zMeans obtained from the avg. of three, 0.25 m2 quadrats per plot. 
yMeans of four replications. 




Appendix Table 1c.  Percentage weed coverage, weed shoot dry weight, and number of dicot and monocot weeds from four weed 
management treatments in a Junebearing strawberry experiment, 2006.  
 
Percentage 
weed coveragez  
Weed shoot  
dry wt. z (g)  Weed no. z  
Total weed 
biomassz (g) 
















monocot May Aug. 
Herbicide  1.1y 2.4 0.20 2.10 0.8 0.1 0.1 0.8 1.9 0.9 2.3 0.9 
Fumigation + 
Herbicide 0.2 1.0 0.03 0.05 0.0 0.1 0.3 0.2 0.2 0.8 0.1 0.1 
Living mulch 3.5 7.0 7.43 1.03 1.3 0.8 1.3 2.2 3.6 2.9 8.5 2.0 
Straw mulch 0.6 7.1 0.60 0.58 1.4 1.0 0.5 1.7 5.0 5.1 1.2 2.4 
LSDx NS NS NS NS NS NS NS NS NS NS NS NS 
 
zMeans obtained from the avg. of three, 0.25 m2 quadrats per plot. 
yMeans of four replications. 





Appendix Table 2a.  Physical soil quality indicators from surface soil (0-15.2 cm) of four weed management treatments in a 
















zMeans of four replications. 

















Herbicide  22.8z 1.43 46.2 23.4 50.0 15.9 
Fumigation + 
Herbicide 22.4 1.41 46.8 24.4 48.0 16.1 
Living mulch 20.4 1.50 43.5 23.2 47.5 13.5 
Straw mulch 20.2 1.45 45.1 24.9 45.6 13.8 





Appendix Table 2b.  Physical soil quality indicators from surface soil (0-7.6 cm) of four weed management treatments in a 
















zMeans of four replications. 
yLeast significant difference @ P < 0.05; Means with the same letter are not different. NS = Not significant.  
Treatment 
Volumetric water 













Herbicide  27.7z b 1.42 46.3 18.6 60.9 b 19.6 b 
Fumigation + 
Herbicide 27.5 b 1.47 44.4 16.9 62.5 ab 18.9 b 
Living mulch 25.5 b 1.37 48.5 23.0 52.9 b 18.7 b 
Straw mulch 33.7 a 1.44 45.8 12.1 73.5 a 23.5 a 




Appendix Table 2c.  Physical soil quality indicators from surface soil (0-7.6 cm) of four weed management treatments in a 
















zMeans of four replications. 

















Herbicide  25.0z 1.40 47.5 22.3 53.0 17.8 
Fumigation + 
Herbicide 25.3 1.51 43.0 17.5 59.6 17.3 
Living mulch 25.3 1.34 49.3 24.0 51.8 19.0 
Straw mulch 28.0 1.42 46.3 18.3 60.5 19.8 





Appendix Table 2d.  Physical soil quality indicators from surface soil (0-7.6 cm) of four weed management treatments in a 
















zMeans of four replications. 


















Herbicide  38.5z 1.52 42.5 5.3 87.4 25.5 
Fumigation + 
Herbicide 36.5 1.57 40.5 4.5 88.8 23.0 
Living mulch 38.0 1.53 42.5 3.8 90.6 25.3 
Straw mulch 37.3 1.52 42.8 5.5 87.2 24.3 




Appendix Table 3.  Biological soil quality indicators from four weed management treatments in a Junebearing strawberry 
















zMeans of four replications.   
yLeast significant difference @ P < 0.05; Values with the same letter are not different from each other.  NS = Not significant. 
 
 
 Earthworms (worm no.·0.003 m-3)  
Microbial biomass carbon
µg C·g-1 
Treatment 2004 2005 2006  2004 2006 
Herbicide  1.3z 1.9 1.75 252.4 366.6 
Fumigation + 
Herbicide 0.0 1.4 0.83 282.8 374.5 
Living mulch 1.8 1.8 1.17 288.3 359.5 
Straw mulch 1.4 2.3 4.08 241.2 352.6 




Appendix Table 4.  Strawberry plant growth measurements as affected by four weed management treatments in a Junebearing 
strawberry experiment, 2005 and 2006. 
 
 
zPetiole number, strawberry plant number, strawberry crown weight and number means were obtained from plant materials obtained from three randomly 
placed 0.093 m2 quadrats.   
yMeans of four replications.  
xLeast significant difference @ P < 0.05; Means with the same letter are not different. NS = Not significant. 























Herbicide  148.3y a 15.0 a 30.7 20.2 a 136.1 a 17.3 a 51.0 ab 25.2 a 
Fumigation + 
Herbicide 140.8 ab 13.5 a 27.9 17.7 a 131.5 a 16.2 ab 57.9 a 21.1 ab 
Living mulch 98.8 c 8.8 b 21.5 12.3 b 115.9 ab 13.0 b 40.2 b 18.2 b 
Straw mulch 114.8 bc 12.7 ab 24.3 15.4 ab 98.2 b 12.2 b 43.1 b 17.3 b 




Appendix Table 5a.  Physical soil quality indicators from surface soil (0-7.6 cm) of four weed management treatments in a grape 
















zMeans of four replications. 

















Living mulch 24z b 1.35 49 25 a 48.5 c 18 b 
Straw mulch 32 a 1.35 49 17 b 65.9 a 24 a 
Herbicide 25 b 1.45 48 20 b 55.8 b 18 b 
Cultivation 24 b 1.38 46 24 a 49.6 c 18 b 




Appendix Table 5b.  Physical soil quality indicators from surface soil (0-7.6 cm) of four weed management treatments in a grape 
















zMeans of four replications. 


















Living mulch 13z c 1.26 53 40 a 23.6 c 10 b 
Straw mulch 27 a 1.33 50 22 c 54.6 a 21 a 
Herbicide 15 bc 1.40 47 32 b 32.1 b 11 b 
Cultivation 18 b 1.33 50 33 b 35.3 b 13 b 





Appendix Table 5c.  Physical soil quality indicators from surface soil (0-7.6 cm) of four weed management treatments in a grape 
















zMeans of four replications. 
yLeast significant difference @ P < 0.05; Means with the same letter are not different. NS = Not significant.
Treatment 
Volumetric water 













Living mulch 24.3z c 1.37 48 24 a 50.2 c 18 b 
Straw mulch 36.5 a 1.39 48 11 c 77.2 a 27 a 
Herbicide 26.5 bc 1.46 45 18 b 59.7 b 18 b 
Cultivation 28.0 b 1.43 46 18 b 60.1 b 20 b 




Appendix Table 6.  Biological soil quality indicators from four weed management treatments 
















zMeans of four replications. 




Treatment 2004 2005 2006 
Living mulch 10z 17 ab 22 
Straw mulch 23 27 a 25 
Herbicide 15 13 b 10 
Cultivation 17 14 b 27 




Appendix Table 7a.  Nutrient analysis of petioles of grapevines grown under four weed management treatments in a vineyard, 
2004. 
 
zMeans of four replications. 





Treatment N NO3 P K Ca Mg S Na 
 
Zn Mn Fe Cu B Al 
Living 
mulch 0.96z bc 0.02 b 0.39 0.65 1.8 1.3 0.14 0.01 120.5 ab 50.5 76.3 12.0 48.3 18.3 
Straw mulch 0.99 b 0.02 b 0.42 0.88 1.8 1.1 0.13 0.01 103.3 c 43.0 43.8 12.0 45.3 18.5 
Herbicide 1.1 a 0.05 a 0.39 0.83 1.9 1.1 0.13 0.01 106.3 bc 44.3 43.5 11.8 46.0 17.3 
Cultivation 0.91 c 0.01 b 0.46 0.52 1.8 1.3 0.14 0.01 124.5 a 47.5 65.0 13.3 47.8 19.0 





















zMeans of four replications. 





Treatment N P K Ca Mg S Na 
 
Zn Mn Fe Cu B Al 
Living 
mulch 1.12z b 0.28 1.21 b 1.45 0.92 0.10 0.01 84.8 23.8 42.8 9.3 36.5 18.3 
Straw mulch 1.24 a 0.28 1.69 a 1.44 0.84 0.10 0.01 72.3 27.5 38.0 9.5 36.0 20.3 
Herbicide 1.24 a 0.29 1.41 ab 1.39 0.83 0.10 0.01 71.0 25.5 133.8 11.0 34.8 16.8 
Cultivation 1.08 b 0.31 1.01 b 1.42 1.02 0.10 0.01 75.5 23.0 52.3 9.8 36.8 18.0 






















zMeans of four replications. 





Treatment N NO3 P K Ca Mg S 
 
Zn Mn Fe Cu B Al 
Living 
mulch 0.92z b 0.04 0.18 0.45 1.7 1.4 0.11 102.5 38.8 25.5 5.5 33.8 10.8 
Straw mulch 1.02 ab 0.07 0.18 0.85 1.7 1.2 0.11 89.0 45.5 22.0 5.0 30.5 8.3 
Herbicide 1.09 a 0.07 0.22 0.55 1.7 1.4 0.11 83.5 40.3 26.5 6.0 29.5 12.0 
Cultivation 0.91 b 0.05 0.20 0.34 1.8 1.6 0.11 93.5 40.3 27.0 5.0 34.5 10.8 





Appendix Table 8a.  Grape yield variables and dormant pruning weight as affected by four weed management treatments, 2004. 
 
z Average weight calculated from a 100 berry sample. 
yPercentage soluble solids concentration.  
xMeans of four replications. 
wLeast significant difference @ P < 0.05; Means with the same letter are not different.  NS=Not different. 
 



















Living mulch 1.8x 47 39.7 0.75 3.2 1.4 19.7 0.22 bc 
Straw mulch 1.3 50 33.5 0.67 3.3 1.2 20.0 0.25 ab 
Herbicide 1.7 48 39.2 0.71 3.3 1.2 19.3 0.33 a 
Cultivation 1.4 41 37.8 0.75 3.2 1.2 19.9 0.14 c 





Appendix Table 8b.  Grape yield variables and dormant pruning weight as affected by four weed management treatments, 2005. 
 
z Average weight calculated from a 100 berry sample. 
yPercentage soluble solids concentration.  
xMeans of four replications.  
wLeast significant difference @ P < 0.05; Means with the same letter are not different.  NS=Not different. 
 



















Living mulch 0.70x 17 42.0 1.2 3.3 1.1 22.3 0.20 bc 
Straw mulch 0.86 26 42.4 1.2 3.4 1.1 21.8 0.30 ab 
Herbicide 1.05 26 43.2 1.2 3.4 1.0 22.0 0.39 a 
Cultivation 0.55 15 42.4 1.1 3.3 1.1 22.4 0.13 c 




Appendix Table 8c.  Grape yield variables and dormant pruning weight as affected by four weed management treatments, 2006. 
 
z Average weight calculated from a 100 berry sample. 
yPercentage soluble solids concentration.  
xMeans of four replications.  
wLeast significant difference @ P < 0.05; Means with the same letter are not different.  NS=Not different. 
 



















Living mulch 4.5x ab 91 51.5 1.1 3.0 1.0 18.3 0.63 bc 
Straw mulch 6.0 a 107 60.7 1.0 3.3 0.9 18.9 0.88 ab 
Herbicide 5.9 a 114 59.6 1.0 3.2 0.9 18.8 1.02 a 
Cultivation 3.8 b 84 51.2 1.0 3.1 1.0 17.9 0.51 c 





Appendix Table 8d.  Grape yield variables and dormant pruning weight as affected by four weed management treatments, 2007. 
 
z Average weight calculated from a 100 berry sample. 
yPercentage soluble solids concentration.  
xMeans of four replications.  
wLeast significant difference @ P < 0.05; Means with the same letter are not different.  NS=Not different. 



















Living mulch 1.3x 33 36.6 1.1 3.3 b 0.57 19.5 ab 0.42 
Straw mulch 1.8 44 38.8 1.0 3.6 a 0.54 19.1 b 0.58 
Herbicide 1.7 39 41.4 1.1 3.3 b 0.56 20.2 a 0.48 
Cultivation 0.7 24 34.6 1.0 3.3 b 0.54 19.9 a 0.27 
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